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Background: The health effects of alcohol consumption, particularly regarding
potential protective benefits of light to moderate intake compared to
abstinence, remain a subject of ongoing debate. However, epidemiological
studies face limitations due to imprecise exposure measurements and the
potential for bias through residual confounding and reverse causation. To
address these limitations, we conducted a systematic review of Mendelian
Randomization (MR) studies examining the causal relationship between alcohol
consumption and cancers, cardiovascular, liver, and neurological diseases.
Methodology: We searched PubMed, ScienceDirect and Embase and Europe
PMC up to 05/2024 for MR studies investigating the association of genetically
predicted alcohol consumption with cancers, cardiovascular, liver and
neurological diseases. We assessed methodological quality based on key
elements of the MR design a genetic association studies tool.
Results: We included 70 MR studies that matched our inclusion criteria. Our
review showed a significant association of alcohol consumption with multiple
cancers such as oral and oropharyngeal, esophageal, colorectal cancers,
hepatocellular carcinoma and cutaneous melanoma. While the available
studies did not consistently confirm the adverse or protective effects of
alcohol on other cancers, such as lung cancer, as suggested by observational
studies. Additionally, MR studies confirmed a likely causal effect of alcohol on
the risk of hypertension, atrial fibrillation, myocardial infraction and vessels
disease. However, there was no evidence to support the protective effects of
light to moderate alcohol consumption on cognitive function, Alzheimer’s
disease, and amyotrophic lateral sclerosis, as reported in observational studies
while our review revealed an increased risk of epilepsy and multiple sclerosis.
The available studies provided limited results on the link between alcohol
consumption and liver disease.
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Conclusions: Despite thevaluable insights into thecausal relationshipbetweenalcohol
consumption and various health outcomes that MR studies provided, it is worth noting
that the inconsistent ability of genetic instrumental variables to distinguish between
abstainers, light and moderate drinkers makes it difficult to differentiate between U or
J-shaped vs. linear relationships between exposure and outcome. Additional research
is necessary to establish formal quality assessment tools for MR studies and to
conduct more studies in diverse populations, including non-European ancestries.

Systematic Review Registration: www.crd.york.ac.uk/prospero/display_record.
php?ID=CRD42021246154, Identifier: PROSPERO (CRD42021246154).
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1 Introduction

Alcohol consumption is linked to numerous health impairments,

chronic diseases and deaths worldwide (1). In particular, excessive

consumption affects the brain, liver, cardiovascular system, and

can lead to various cancers (2). Recent studies show significant

increases in mortality and disability-adjusted life years associated

with alcohol consumption, leading to growing concern worldwide

(3). The Global Burden of Disease Study 2021 has shown that

alcohol use disorders (AUD) are among the top 25 leading Level 3

causes of global years lived with disability (YLDs) worldwide (4).

Some countries have revised their alcohol consumption guidelines,

and a recent study suggests the need to lower current thresholds

for safer alcohol use as there may be no safe level of alcohol

consumption (5, 6).

Alcohol has been classified as a carcinogen by the World Health

Organization (7). In 2020, it was estimated that 4.1% of all new

cancer cases globally were attributable to alcohol consumption (8).

The relationship between alcohol consumption and cancer risk has

been extensively studied in traditional epidemiological studies,

mostly suggesting that alcohol consumption is causally associated

with cancers of the oral cavity, pharynx, larynx, esophagus,

colorectum, liver, and female breast in a dose-dependent manner

(7, 9). However, J-shaped relationships between alcohol consumption

and certain health outcomes suggest a potential protective effect

of light or moderate consumption (3, 10, 11), leading to ongoing

debate regarding methodological issues impeding causal inference

(12–14). These associations are consistent across different types
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of alcoholic beverages, are monotonic and do not have a threshold

(9, 15). The alcohol-attributable fraction is high for upper

aero-digestive tract (25%–44%), liver (18%–33%), and colorectal

(4%–17%) cancers, and for women breast cancer (about 5%),

with variation across European countries depending on levels of

alcohol exposure (9, 16, 17). Regular heavy drinking is strongly

associated with cancer risk, and reducing alcohol consumption is

believed to have a beneficial effect on reducing cancer risk (9). In

contrast, alcohol consumption has been negatively associated with

the risk of lung cancer (18), kidney cancer (19), and non-Hodgkin

lymphoma (20).

The relationship between alcohol consumption and

cardiovascular disease (CVD) is complex, and numerous studies

have shown both risks and benefits of alcohol consumption for

specific diseases. About 10% of deaths related to CVD can be

attributed to alcohol consumption (21). Heavy alcohol

consumption increases the likelihood of coronary heart disease

and cardiovascular mortality (22). Observational studies have

consistently shown that alcohol consumption is associated with

an increased risk of hemorrhagic stroke, heart failure, and atrial

fibrillation, while low levels of alcohol consumption have been

associated with a lower risk of coronary heart disease and

ischemic stroke (3, 23–26). The protective effect of light to

moderate alcohol consumption has been questioned by some

authors who suggest that methodological biases may have

influenced previous studies. They claim that any potential

benefits from light to moderate drinking would be very small

and unlikely to outweigh the harms (27, 28).
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Alcohol-related liver disease (ARLD) is the primary cause of

liver-related mortality and the leading indication for liver

transplant in Europe, where liver cirrhosis is a major public

health problem, particularly among males. In 2002, it accounted

for 1.8% of all deaths in the region, causing over 170,000 deaths

(29, 30). ARLD encompasses a range of clinical and histological

conditions, including alcoholic fatty liver disease, alcoholic

steatohepatitis, cirrhosis, and Hepatitis associated with alcohol

(30, 31). The risk of ARLD is increased by harmful alcohol use

(>2 drinks per day for women and >3 per day for men) (30).

The risk of cirrhosis is higher in women than in men for a given

amount of alcohol consumed, and there is a dose-response

relationship between the amount of alcohol consumed and the

risk of cirrhosis (30). Alcohol consumption is also associated

with accelerated fibrosis progression in patients with other types

of liver diseases. In the general population, about 40% of cases of

advanced non-viral liver disease occur in individuals with

metabolic risk factors and regular alcohol intake (32). Alcohol-

associated cirrhosis accounted for approximately 27% of 1.32

million deaths related to cirrhosis worldwide in 2017 (30).

Despite reports suggesting conflicting evidence on whether

moderate alcohol consumption is protective or detrimental for

the development of MASLD (Metabolic Dysfunction-Associated

Steatotic Liver Disease) (31, 33, 34), recent reviews have

concluded that a protective effect remains unsubstantiated, and

consequently, any level of alcohol intake in individuals with

MASLD may be harmful to liver health (35, 36).

Alcohol consumption has been positively associated with the

onset of all types of dementia – especially early-onset dementia –

and cognitive decline (37). However, some patterns of drinking

have been linked to beneficial effects (38). Thus, the relationships

between alcohol use and cognitive health, including dementia are

complex, with potential beneficial effects of light to moderate

drinking and detrimental effects of heavier drinking.

Methodological issues in underlying studies, such as inconsistent

measurement of alcohol use and dementia and insufficient

control of potential confounders have been suggested as potential

biases (37). A recent review concluded that although causality

could not be established, light to moderate alcohol consumption

in middle to late adulthood was associated with a decreased risk

of cognitive impairment and dementia. In contrast, heavy alcohol

drinking was associated with changes in brain structures,

cognitive impairments, and an increased risk of all types of

dementia (39).

Alcohol consumption has varied effects on health, and it is

important to clarify the risks and benefits at the population level

(40). Observational studies on alcohol consumption and health-

related outcomes have produced conflicting results, and making

causal inferences based on these studies can be challenging due

to various biases and limitations, including reverse causality,

confounding factors, and measurement errors (41). While

randomized control trials are the gold standard for inferring

causality, they may not be practical or ethical in cases of long

latency of exposure to disease onset (42).

To overcome these limitations, Mendelian Randomization

(MR) analysis has been proposed as an alternative method. MR
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studies use genetic variants, mostly single nucleotide

polymorphisms (SNPs), associated with an exposure as

instrumental variables (IV) to estimate its causal association with

an outcome, under certain assumptions that minimize bias from

confounding or reverse causation (43–45).

Given the contradictory results of previous studies on the risks

and potential benefits of low levels of alcohol intake, some of which

may be biased, we conducted a systematic review of the latest

research using the MR approach to better understand the effects

of alcohol on health outcomes. MR is a powerful tool for

examining causality, and we conducted a systematic review of

MR studies to examine the causal relationships between alcohol

consumption and the main causes of death and morbidity,

namely cancers, cardiovascular, neurological, and liver diseases.

The question we addressed in our systematic review of

Mendelian Randomization studies was whether there is a causal

relationship between genetically predicted alcohol consumption

and cancers, cardiovascular, liver and neurological diseases.
2 Material and methods

We have conducted a systematic review following the PRISMA

(Preferred Reporting Items for Systematic Reviews and Meta-

Analysis) guidelines 2020 (46). In accordance with the guidelines,

our protocol was registered on the International Prospective

Registry of Systematic Reviews (PROSPERO) – CRD42021246154.
2.1 Eligibility criteria

Studies have been selected according to the criteria outlined

below taking up of the PICOS method. Acronym stands for:

Population, Intervention which is in our review defined as the

exposure, Comparators, Outcome and Study design.

2.1.1 Population
Studies including men and women without restriction of age or

ethnicity, healthy or affected by cancers, cardiovascular, liver or

neurological diseases.

2.1.2 Exposure
Studies where the exposure was alcohol consumption, indexed

by an instrumental variable (IV) or alcohol indexed by IV is one

the exposures, representing any amount of alcohol intake.

2.1.3 Comparators
Studies with any comparative measure of alcohol consumption.

2.1.4 Outcomes
Studies in which the outcome was (i) cancers, cardiovascular,

liver or neurological diseases, (ii) an epidemiological indicator or

(iii) a risk factor of these diseases that are thought to be

intermediates on the path to the diseases or leads to the

diagnosis of the disease.
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2.1.5 Study design
Mendelian randomization design studies on the association

between alcohol intake and cardiovascular, neurological, liver

diseases and cancers.
2.1.6 Language
Articles reported in English and French languages.
2.1.7 Publication date
Articles published between January 2000 and May 2024.
2.1.8 Publication type
Only original articles included. Case reports, narrative reviews,

letters, editorials, opinions and Conference abstracts were excluded.
2.1.9 Ethics
Studies accepted by an ethics committee.
2.2 Information sources

Four electronic bibliographic databases were used for the

systematic search: PubMed (Medline), Science direct, Embase and

Europe PMC. To ensure literature saturation, we searched the

reference lists of included studies and relevant journals identified

during the search.
2.3 Search strategy

The key words used for the bibliographic search were

“Alcohol - Mendelian randomization – Cancer - Cardiovascular

disease - Liver disease - Neurological disease-”. They were

defined by two examiners (NM and BN). The search was

carried out taking into account two methods: a search with

“MeSH” terms and a search with “free text” terms in order to

correctly translate the concepts and synonyms into English. A

separate search was carried out for each type of disease. The

keywords were combined with the Boolean operators “AND,

OR” to form the search equations represented in the

Supplementary Table S1 that we introduced in the “PubMed”,

“Science Direct”, “Embase” and “Europe PMC”.
2.4 Selection process

The articles were entered in the RAYYAN QCRI software (47),

we then proceeded to count and remove the duplicates. Titles and

abstracts were independently reviewed by two reviewers (NM and

BN) respecting the inclusion and exclusion criteria. Full-text

studies were also independently reviewed by the same two

reviewers. Disagreements were resolved through discussion with

the participation of a third reviewer (AHJ).
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2.5 Data collection process

Using Microsoft Excel®, a standard data collection table was

used to extract data from each study. Data was extracted by one

investigator (BN) and verified by another investigator (NM).

Disagreements were resolved through discussion and the

participation of a third investigator (AHJ). When additional

information was needed, the study authors were contacted.
2.6 Items

The following items were taken from each included study:

Reference, Name of the first author, date of publication, Sample

size, Ancestry, Sex, Age, Instrumental variable associated to

alcohol, Exposure dataset, outcome, Outcome dataset and results.
2.7 Study risk of bias assessment

The quality of the studies was independently assessed by three

investigators (NM, BN and CD) by using first the Q-Genie tool

“Quality of Genetic Association Studies” which contains 11 items

rated on a Likert scale. Seven points covered the following topics:

rational for the study, selection and definition of the outcome of

interest, selection and comparability of comparison groups,

technical classification of exposure, non-technical classification of

exposure, other sources of bias, sample size and power, a priori

planning of analyzes, statistical methods and control of

confounding factors (48). Second, since the Q-genie tool is not

quality assessment tool for MR studies and there was no formal

predefined protocol for systematic review of MR to date, we

therefore rated other key elements of the MR design including

the assumptions that are crucial to the validity of MR as showed

in Figure 1:

- Validation of IV1 – Genetic variants are strongly associated with

the exposure: Relevance assumption

The validation of the first assumption in MR studies is

evaluated by the selection of strongly associated SNPs with the

exposure of interest (P-values of the variant-exposure association

<5 × 10−8). Moreover, to test the robustness of the instrument,

the F-statistic of the variant-exposure association is usually

provided. Values >10 suggest an adequate instrument with a low

risk of bias due to a weak instrument (49). The F-statistic

depends on the proportion of the variance of the exposure

explained by the genetic variants (r2) (50), the sample size and

the number of IVs included in the instrument.

- Validation of IV2 – Genetic variants are not related

to confounders of the exposure-outcome association:

Independence assumption

Taking into account the random allocation of genetic variants

at conception, the IV2 of no association between the IVs and

confounders is often fulfilled because of the random allocation

of alleles to gametes. In a one-sample MR, in which the
frontiersin.org
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FIGURE 1

Overview of MR assumptions.
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variant-exposure and variant-outcome association are computed

using individual data from the same sample, the association

between the genetic variant and the observed confounders should

be tested. However, in a two-sample MR, the variant-exposure

and variant-outcome association come from two independent

samples, most often using published summary statistics of large

genome wide association studies (GWAS), which does not allow

to test this hypothesis.

- Validation of IV3 – Genetic variant does not affect the outcome

except through the exposure: Exclusion restriction assumption

Horizontal pleiotropy (i.e., a genetic variant affects other traits

which influence the outcome independently of the exposure) may

lead to biased MR results because the effect of the variant on the

outcome is not exclusively due to the exposure (51). Through

assessment of horizontal pleiotropy, the third assumption can be

partially verified (52). In addition to the main methods used to

estimate the causal MR effect—the two-stage least-squares (2SLS)

and the inverse-variance weighted (IVW) methods in a one and

two-sample design, respectively (53)—several MR methods have

been developed to detect and correct for the bias due to

pleiotropy, such as the weighted median (54), weighted mode

(55), MR-PRESSO (56) and MR-Egger (57) These methods,

originally created for a two-sample MR design, can also be used

on large one-sample MR, except for the MR-Egger method

which is not recommended for one-sample MR unless the

correlation between the variant-exposure and variant-outcome

estimates due to confounding can be kept low, or the variability

in instrument strength is very high (58).
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- Assessment of non-linearity

In order to clarify the causal relationships, it is valuable to

identify and characterize non-linear effects when they are

present. Non-linear association may result in opposite effects

depending on the level of exposure. Such opposing effects have

been observed particularly in many observational studies

examining the relationship between alcohol consumption and

cardiovascular events (59).

These assumptions were rated as “Good” if the assumption was

assessed using above-mentioned approaches, “moderate” if the

assumption was only described, and “poor” if the assumption

was not checked or described. This evaluation of the validity of

each assumption using this protocol was assessed independently

by three reviewers; any inconsistencies were resolved by

discussion. The quality assessment data are presented in

Supplementary Tables S2–S9.
2.8 Data synthesis

Bibliometric analyzes are represented as a flow diagram that

describes the complete process of searching and selecting articles.

The summary of the results is presented in tables grouping

together the data detailed in supplementary information

(Supplementary Tables S10–S13). We synthesized narrative

genetic evidence on causal associations between alcohol

consumption and cancers, cardiovascular, liver and neurological

diseases. The main findings have been classified by outcome.
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3 Results

3.1 Flowchart of studies involved in the
MR review

A flowchart summarizing the study selection process has been

produced in accordance with PRISMA guidelines (Figure 2). We

identified 3,066 articles from electronic database searches. After

removing the duplicates (336 articles), we excluded 2,368 after

reading the title and among them, 190 were excluded after

reading the abstracts and 110 were excluded among the full text

articles. We reviewed the full texts of 172 articles, 57 of which

met our inclusion criteria. We identified 13 additional studies

via backward reference searches of the 57 included studies,

such that a total of 70 studies were eligible for inclusion in our

systematic review. The reasons of exclusion are presented in the

flow chart.
FIGURE 2

Flow chart of the systematic review 2000–2024.
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The main characteristics of the included studies are presented

in the tables available in Supplementary Materials. These

characteristics have focused on a wide range of outcomes: Cancer

outcomes (26 studies), cardiovascular outcomes (24 studies), liver

outcomes (6 studies) and neurological outcomes (17 studies).

While the majority of the studies were based on populations of

European ancestry (47 studies), 12 were Asian and 7 were

mixed-ancestry. The majority of studies involved middle-aged

and/or older participants.

As for IVs, the studies used either a single genetic variant

(12 studies), a combination of genetic variants (51 studies), or a

combination of both (8 studies). The variants rs1229984 and

rs671, respectively of the genes encoding ADH1B and ALDH2,

are the genetic variants of alcohol consumption most mentioned

in these studies. The rs1229984 variant of ADHB was used as an

IV of alcohol consumption in 12 studies, as was the rs671

variant of ALDH2 which was used in 7 studies.
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3.2 Methodological quality assessment

Using the Q-Genie tool, most of the included studies were rated

as good overall quality, while 12 studies were rated as moderate

quality. Detailed tables of the quality assessment are available in

supplementary materials (Supplementary Tables S2–S5).

The MR methodological quality of the included studies was

assessed using our protocol, and the results are presented in

Supplementary Tables S6–S9.
3.3 Synthesis of the results of the studies

All results are synthesized in Supplementary Tables S2–S13. All

confidence intervals were estimated at 95% (95% CI) and p-value

were two-sided in the included studies.

3.3.1 Cancer outcomes
3.3.1.1 All cancers
Larsson et al. (60) performed a two-sample MR analysis and looked

for the effects of alcohol consumption and smoking on the risk of a

large set of cancers, including (i) consortia of lung, breast, ovarian

and prostate cancers, and (ii) the UK-Biobank study notably for

site-specific cancer, in European descents. The IVs come from

the largest GWAS for alcohol drinking to date, including 941,280

individuals of the GWAS & Sequencing Consortium of Alcohol

and Nicotine use (GSCAN) (61). Using 29 SNPs, genetically

predicted alcohol consumption was not significantly associated to

overall cancer (n = 75,037 cases; OR = 0.95, p = 0.38) or any other

site-specific cancer, except with lung cancer in the International

Lung Cancer Consortium (ILCCO) [OR = 1.94 (1.41–2.68),

p = 4.68×10−5]. This study validated all three key MR

assumptions, and had a good Q-genie score.

3.3.1.2 Breast, ovarian and endometrial cancers
Seven studies have examined the genetic evidence for the causal

association of breast, ovarian and endometrial cancer with

alcohol consumption (60, 62–67).

A two-sample MR study (63) assessed the causality of three

alcohol-related exposures: number of drinks per week, alcohol

use disorder (AUD), and the AUD identification test-concise

score (AUDIT-C) adjusted for age (99, 9 and 13 SNPs,

respectively). Importantly, the two latter genetically predicted

alcohol-related exposures were identified in males only, in a

European population from the Million Veteran Program. This

study found no evidence of a causal association between alcohol

consumption and breast cancer risk (ORdrinks/week = 1.01, p = 0.89;

ORAUD = 1.04, p = 0.62; ORAUDIT−C = 1.07, p = 0.44) in the Breast

Cancer Association Consortium (BCAC; 122,977 cases and

105,974 controls), but as indicated by the authors, the study was

underpowered to detect such a relatively modest association as

shown in other studies (8% to 12% increase in risk per 10 g/day

increase of alcohol consumption).For ovarian cancer, alcohol

consumption has been associated with a reduced risk, with a

significant association found for AUDIT-C [ORAUDIT−C = 0.83

(0.71–0.97), p = 0.02] and a non-significant association found for
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AUD [ORAUD = 0.92 (0.83–1.01), p = 0.08], and for the number

of drinks per week (ORdrinks/week = 0.83, p = 0.19), using data

from the Ovarian Cancer Association Consortium (OCAC;

22,406 cases and 40,941 controls). However, the effect was lost

by excluding genetic variants associated with potential

confounding factors (ORAUDIT−C = 0.89 [0.68–1.16], p = 0.38;

ORAUD = 0.96 [0.78–1.18], p = 0.68).

Furthermore, while the third study suggested that moderate

alcohol consumption is associated with a modest increase in

breast cancer risk in their observational analysis, no association

was found for breast and epithelial ovarian cancer in the BCAC

and OCAC using 34 SNPs from white British participants of the

UK-Biobank study (62).

Similarly, Zhou et al. (66) in a two sample MR analysis

assessed the causality of three alcohol-related exposures: number

of drinks per week, alcohol use disorder (AUD), and the

Problematic alcohol use (PAU) (84, 19 and 26 SNPs,

respectively) found no causal association in the main analysis

(ORdrinks/week = 1.01, p = 0.883; ORAUD = 1.05, p = 0.721); ORPAU =

1.03, p = 0.781). However, causal effect was observed between

PAU and breast cancer incidence risk when conditioning

on alcohol consumption [excluding the overlapping or

highly correlated genetic IVs (r2 > 0.1) with drinks per week]

(ORPAU = 1.76, p = 0.036).

Another two sample MR study using 169 SNPs to instrument

drinks per week and included 122,977 cases and 123,082 controls

from BCAC, revealed no causal association between alcohol

consumption and breast cancer risk (ORdrinks/week = 1.01,

p = 0.829) (65). Additionally, Liu et al. (64) in a two-sample MR

study, found no significant association between alcohol

consumption, instrumented by 37 SNPs, and the overall risk of

ovarian cancer (OR = 0.74, p = 0.081), using data from the

Ovarian Cancer Association Consortium (OCAC) with 25,509

cases and 40,941 controls.

For endometrial cancer, the MR analysis showed that an

increase of one standard deviation in genetically predicted log-

transformed alcoholic drinks per day was associated with a 43%

reduction in endometrial cancer risk (ORdrinks/week = 0.57,

p < 0.001) in a population comprising 12,906 cases and 108,979

controls. In the subgroup analysis, alcohol consumption was

associated with a decreased risk of endometrioid endometrial

cancer (EEC) (OR = 0.56, p = 0.004), but was not associated

with non-endometrioid endometrial cancer (NEC) (OR = 1.36,

p = 0.626) (67).

These seven studies validated all three key MR assumptions,

and had a good/moderate Q-genie score.

3.3.1.3 Prostate cancer
No association was found between genetically-predicted alcohol

consumption and prostate cancer in Larsson et al. (60) [OR =

0.96 (0.74–1.24), p = 0.75]. Similarly, Brunner et al. (68) in a one

sample design found no evidence of a genetic association

between ADH/ALDH variants related to alcohol consumption

and the incidence of prostate cancer. However, ALDH1B

rs10973794 was associated with increased mortality in low-grade

prostate cancer [HR = 1.43 (1.14–1.79), p = 0.002].
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These two studies validated all three MR assumptions and

demonstrated high quality as assessed by the Q-Genie tool.

3.3.1.4 Oral and oropharyngeal cancers
While Larsson et al. (60) reported a positive but not significant

association of genetically predicted alcohol consumption with

head and neck cancer using 6,034 oral/oropharyngeal cases and

6,585 controls from a recent GWAS and 60 SNPs from the

GSCAN [OR = 1.75 (0.93–3.72), p = 0.14], a two-sample MR

study showed a strong evidence of a positive association with

oral and oropharyngeal cancers in a population of mixed

ancestry using data on GSCAN consortium [OR per 1-SD

increase in drinks per week = 10.0 (5.3–18.6), p = 5.64 × 10−13,

1-SD = 9 additional drinks/week] (69). The association remained

significant after controlling for lifetime smoking index using

multivariable MR analysis [OR = 5.2 (3.2–8.6)]. The stratified

analyses by cancer subsite (oral cavity and oropharyngeal cancer)

showed consistent results. Another two sample MR study

conducted on European population showed that genetically

predicted alcoholic drinks per week instrumented by 34 SNPs

was significantly associated with the higher risk of head and neck

cancer [OR drinks/week = 1.003 (1.001–1.006); p = 0.014].

Conversely, the study found no statistically significant association

between genetic predisposition to alcohol consumption

instrumented by 7 SNPs and the risk of head and neck cancer

[OR = 1.000 (0.999–1.002); p = 0.537] (70).

Im et al. (71) in a two sample MR design using ALDH2-rs671

and ADH1B-rs1229984 as IVs in an Asian population found no

significant causal relationship between genetically predicted

alcohol consumption and the risk of lip, oral cavity, and pharynx

cancer in both men and women. The hazard ratios for an

increase of 280 g/week in alcohol consumption were 1.02 [0.59–

1.75] for men and 0.95 [0.45–1.99] for women. In addition, this

study found no significant causal relationship between genetically

predicted alcohol consumption and the risk of larynx cancer in

both men and women. The hazard ratios per 280 g/week of

alcohol consumption were 0.58 [0.14–2.34] for men and 0.02

[0.00–4.45] for women.

These four studies validated all three key MR assumptions, and

had a good Q-genie score.

3.3.1.5 Lung cancer
As mentioned above, Larsson et al. (60) reported a strong positive

association of genetically predicted alcohol consumption with lung

cancer in the ILCCO [OR = 1.94 (1.41–2.68), p = 4.68 × 10−5] but

not in UK Biobank [OR = 1.12 (0.65–1.93), p = 0.69]. However,

this finding contradicts a two-sample MR performed by Chen

et al. (72) that aimed to determine the relation between habitual

alcohol consumption with meals (described as appropriate, light-

to moderate, less than 30 g/day) and lung cancer. Using 14 SNPs

provided by the UK-Biobank study, significant inverse

associations were found with lung cancer [OR = 0.175 (0.045–

0.682), p = 0.012] and lung squamous cell cancer [OR = 0.075

(0.013–0.429), p = 0.004] but not with lung adenocarcinoma

(OR = 1.00, p = 0.90) using data from ILCCO, and an inverse

but not significant association was found with small cell lung
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cancer [OR = 0.25 (0.052–1.169), p = 0.078] using data from the

UK-Biobank study.

Another two sample study on Asian population using ALDH2-

rs671 and ADH1B-rs1229984, an increase of 280 g/week in alcohol

consumption was associated with a decreased risk of lung cancer in

men [HR = 0.81 (0.67–0.98)]. For women, a similar trend was

observed, but it was not statistically significant [HR = 0.85

(0.68–1.06)] (71).

Ding et al. (73) in a two sample design using ADH1B

rs1229984 as IV in 2,485 lung cancer cases and 410,350 controls

of European ancestry showed no causal relationship between

habitual alcohol intake and lung cancer [OR = 1.30 (0.39–4.35),

p = 0.674], authors suggest that this may be due to the use of

only 1 genetic variant, resulting in insufficient statistical power.

These studies validated all three key MR assumptions and

achieved good Q-Genie scores, except for the study by Ding

et al. (73), which validated only two of the assumptions.

3.3.1.6 Esophageal cancer
Six studies investigated the association between genetically

predicted alcohol consumption and esophageal cancer.

Larsson et al. (60) using 843 cases from the UK Biobank,

reported strong but statistically non-significant positive

associations of genetically predicted alcohol consumption with

esophageal cancer [OR = 1.88 (0.76–4.66); p = 0.171]. Conversely,

Im et al. (71) found a significant positive association between

genetically predicted consumption of 280 grams per week and an

increased risk of esophageal cancer in men [HR = 1.47 (1.09–

1.99)]. In women, although the hazard ratio suggested a 58%

increased risk, the association was not statistically significant

[HR = 1.58 (0.85–2.93)].

Yuan et al. (74) in a two-sample design using 1,130 cases and

702,116 controls from a European population, reported a

significant positive association with esophageal cancer [OR = 2.86

(1.18–6.91), p = 0.020]. However, this association became non-

significant in multivariable Mendelian randomization (MVMR)

analysis when adjusted for smoking, suggesting a possible

synergistic effect between alcohol and smoking [adjusted OR =

1.28 (0.59–2.82), p = 0.533]. Zou et al. (75), in a two-sample

design using data from the FinnGen consortium (503 cases;

259,583 controls), showed no statistically significant association

between alcohol intake frequency and esophageal cancer risk

[OR = 0.206 (0.545–2.668), p = 0.644]. Inversely, Using data from

Biobank Japan (1,300 cases and 195,745 controls) performed on

asian population ancestry, Cai et al. (76) reported a strong

significant positive association between ever/never drinking and

esophageal cancer risk [ORever/never drinker = 2.24E4 (40.02–

1.25E7), p = 0.0019]. Zhang et al. (77) in a two sample analysis

reported no causal effect between alcohol and esophageal

squamous cell carcinoma (ESCC) risk [OR = 0.99 (0.99–1.00),

p = 0.71] using 5 SNPs. However, the polymorphism

ADH1B rs1229984 was associated with an increased risk of

ESCC [OR = 2.50 (1.70–3.69)]. Inversely, the ALDH2 rs671

variant was found to be associated with a decreased risk of ESCC

[OR = 0.60 (0.50–0.73)]. For the ALDH2 rs674 variant, the

association with ESCC showed an OR = 1.22 [0.71–2.12],
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indicating no significant association. Similarly, the ADH1B

rs1042026 [OR = 1.28 (0.52–3.14)] also showed no significant

association with ESCC. The study also showed that smokers with

the rs1229984 risk allele had a further increased risk of ESCC

[OR = 1.39 (1.21–1.59), p < 0.001] compared with nonsmokers

[OR = 1.52 (1.36–1.70)].

All these studies utilized a two-sample design, validated all

three key MR assumptions, and achieved good Q-Genie scores.

3.3.1.7 Gastric cancer
Five studies investigated relationship between genetically predicted

alcohol intake and gastric cancer.

Larsson et al. (60) using 736 stomach cancer cases from UKB

indicated no statistically significant association between

genetically predicted alcohol consumption and the risk of

stomach cancer [OR = 0.88 (0.33–2.30); p = 0.788]. Similarly, Im

et al. (71) reported no statistically significant association between

alcohol consumption of 280 grams per week and the risk of

stomach cancer for either men [HR = 1.16 (0.89–1.50)] or

women [HR = 0.85 (0.61–1.20)]. In addition, Yuan et al. (74) in a

two-sample design with 1,608 cases and 701,472 controls,

conducted a univariable Mendelian randomization analysis that

suggested a potential, though non-significant, increase in the risk

of gastric cancer associated with genetically predicted alcohol

consumption [OR = 1.57 (0.75–3.30); p = 0.233]. In the

multivariable Mendelian randomization (MVMR) analysis,

adjusted for smoking, the association remained consistent,

indicating a positive but non-significant relationship [OR = 1.59

(0.79–3.21); p = 0.194]. Another MR study reported a statistically

negative association between genetically predicted ever drinker/

never drinker and a reduced risk of gastric cancer, with a 5%

lower odds compared to never drinkers [ORever/never drinker = 0.95

(0.93–0.98)]. However, after excluding rs671, the causal

associations between alcohol consumption and gastric cancer

were no longer observed (76). Finally, Tan et al. (78), in a two-

sample design using data from GWAS datasets from the MRC

Integrative Epidemiology Unit (6,563 gastric cancer cases;

195,745 controls), showed no causal relationship between alcohol

consumption and gastric cancer. The analysis in a European

population, using 179 SNPs related to alcohol, showed no

significant association [OR = 1.05 (0.94–1.18), p = 0.359].

Similarly, in an asian population, using 66 SNPs, there was also

no significant association [OR = 1.01 (0.98–1.04), p = 0.562].

All these studies utilized a two-sample design, validated all

three key MR assumptions, and achieved good Q-Genie scores.

3.3.1.8 Colorectal cancer
Seven studies investigated the relationship between genetically

predicted alcohol consumption and colorectal cancer.

Im et al. (71) indicated an increased risk of colon cancer with

higher consumption of alcohol per 280 grams per week in

men. Nevertheless, this association is not statistically significant

[HR = 1.38 (0.90–2.11)]. Similar results were reported for women

[HR = 1.23 (0.89–1.72)]. As for rectal cancer, the study indicated

a slight increase in the risk of rectal cancer with higher

consumption of alcohol per 280 grams per week. However, this
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association is not statistically significant [HR = 1.01 (0.71–1.46)].

Inversely, for women, results indicated a reduced risk. This

association is also not statistically significant [HR = 0.79 (0.55–

1.14)]. Findings from another study (60) using 5,486 cases from

UK Biobank indicated a positive association of alcohol

consumption with colorectal cancer risk. However, the

association is not statistically significant [OR = 1.31 (0.84–2.04);

p = 0.235]. Zhou et al. (79) in a two sample MR analysis using

data summary-level data from 12 colorectal GWASs (20,049

cases; 22,661 controls) performed on European population,

reported a statistically significant association between genetically

predicted number of drinks consumed per week and the risk of

colorectal cancer [ORdrinks/week = 1.79 (1.23–2.61), p = 0.003]. The

association between alcohol use disorder and colorectal cancer

risk was also positive although not statistically significant

[ORAUD = 1.33 (0.95–1.85), p = 0.093]. As for problematic alcohol

use, a significant positive association was observed [ORPAU = 1.53

(1.02–2.29), p = 0.040]. Yuan et al. (74) conducted a study using

9,519 colorectal cancer cases and 686,953 controls. Both univariable

and multivariable analyses adjusted for smoking were performed.

The study reported a positive but non-significant association in

both analyses, [OR UV = 1.09 (0.76–1.55); p = 0.649] for the

univariable analysis [ORMVMR = 1.28 (0.95–1.72); p = 0.098] and for

the multivariable Mendelian randomization analysis. He et al. (80)

in a two sample MR study found no statistically significant

associations between various measures of alcohol consumption and

the risk of colorectal cancer: current alcohol drinkers [OR = 1.012

(0.974–1.051); p = 0.556], Never Alcohol Drinkers [OR = 1.010

(0.957–1.067); p = 0.715], previous alcohol drinkers [OR = 1.001

(0.935–1.072); p = 0.971], alcohol consumption in Females

[OR = 1.004 (0.998–1.011); p = 0.184], alcohol consumption in

males [OR = 1.001 (0.993–1.008); p = 0.870], and Alcohol Intake

Frequency [OR = 0.999 (0.997–1.001); p = 0.154]. Another study

using 7,062 colorectal cancer cases and 195,745 controls, reported a

negative non-significant association between ever/never drinker and

colorectal cancer [OR = 0.84 (0.23–3.07); p = 0.7952] (76). Finally,

Li et al. (81) in a two sample MR analysis performed on Asian

population (6,692 cases; 27,178 controls) investigated the relation

between ever vs. never drinkers instrumented by 6 SNPs and

number of drinks per week instrumented by 2 SNPs reported that

genetically predicted alcohol consumption (ever vs. never drinker)

was positively associated with the risk of colorectal cancer

[ORever/never drinker = 1.08 (1.05–1.12), p = 1.51 × 10−5] and the

number of alcoholic drinks per week was also associated with an

increased risk of colorectal cancer [OR drinks/week = 1.39 (1.27–1.52),

p = 5.29 × 10–13]. Sensitivity analysis yielded similar results.

These studies validated all three key MR assumptions and

achieved good Q-Genie scores.

3.3.1.9 Liver cancers
Three studies explored the association between genetically

predicted alcohol intake and hepatocellular carcinoma (HCC), a

subtype of liver cancer, while three other studies investigated the

association between alcohol intake and liver cancer overall.

Deng et al. (82), in a one-sample MR design using data from

Biobank Japan (1,866 cases; 195,745 controls) performed on
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Asian population, reported a significant positive association

between alcohol consumption, instrumented by ADH1B

rs1229984 and ALDH2 rs671, and HCC risk [OR = 1.57 (1.32–

1.86), p < 0.001]. Using 5 SNPs related to ever/never drinker

status, the study also found that people who had ever consumed

alcohol had a higher HCC risk compared to never drinkers

[OR = 1.11 (1.05–1.18), p < 0.001]. Cai et al. (76) reported a

slight increase in HCC risk among ever drinkers [OR = 1.11

(1.05–1.18)]. Another one-sample MR non-linear analysis

performed on a European population found a positive

association between pure alcohol intake (g/day) and the risk of

HCC, demonstrating a statistically significant linear trend (p <

0.0001) (83). Im et al. (71) indicated a positive non-significant

association between higher alcohol consumption and liver cancer

risk in men [HR per 280 g/week = 1.23 (0.93–1.62)] and a

negative non-significant association between higher alcohol

consumption and liver cancer risk in women [HR per

280 g/week = 0.85 (0.61–1.20)].

Using 714 liver cancer cases and 702,008 controls, another MR

study demonstrated that neither the UVMR nor the MVMR

adjusted for smoking analyses showed statistically significant

associations between alcohol consumption and liver cancer risk

[OR = 1.16 (0.43–3.11); p = 0.775] and [OR = 0.76 (0.29–2.02);

p = 0.585], respectively (74). Finally, Zhang et al. (84) in a two

sample MR design reported a 57% increase in liver cancer risk

with each standard deviation increase in log-transformed

alcoholic drinks per week. However, this association was not

statistically significant [OR drinks/week = 1.57 (0.57–5.03); p = 0.339].

These six studies validated all three MR assumptions and were

reported to be of good quality according to the Q-Genie tool, with

the exception of those by Deng et al. (82) and Liu et al. (83) These

two studies presented methodological shortcomings, such as a one-

sample design and poor validation of the third assumption.

3.3.1.10 Pancreatic cancer
Three MR studies examined the relationship between genetically

predicted alcohol consumption and pancreas cancer.

Larsson et al. (60) using 1,264 cases from the UK Biobank,

revealed no statistically significant association between alcohol

consumption and pancreas cancer risk [OR = 1.16 (0.55–2.43);

p = 0.703].

In another MR study, the univariable Mendelian

randomization (UVMR) analysis showed no statistically

significant association [OR = 0.63 (0.32–1.26), p = 0.193].

Similarly, the multivariable Mendelian randomization (MVMR)

analysis adjusted for smoking also indicated no significant

association [OR = 0.79 (0.40–1.56), p = 0.496] (74).Cai et al. (76)

using data from 442 cases and 195,745 controls retrieved from

BBJ, analyzed the association between ever/never drinkers

instrumented by 5 SNPs. The results showed no statistically

significant association [OR = 1.01 (0.92–1.10), p = 0.9119].

However, after excluding rs671, a suggestive causal association

between alcohol drinking and pancreatic cancer development

was observed.

These studies validated all three MR assumptions and were

reported to be of good quality according to the Q-Genie tool.
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3.3.1.11 Bladder cancer
Two studies investigated the relationship between genetically

predicted alcohol consumption and bladder cancer (60, 85).

Larsson et al. (60), using 2,588 cases, investigated the

association between alcohol consumption and the risk of bladder

cancer and found no statistically significant association [OR =

0.85 (0.49–1.44), p = 0.539]. Similarly, Xiong et al. (85), in a two-

sample MR analysis reported that genetically predicted drinks

per week were not associated with bladder cancer [OR drinks/week

= 0.69 (0.44–1.10), p = 0.1237]. These studies validated all three

MR assumptions and were reported to be of good quality

according to the Q-Genie tool.

3.3.1.12 Cutaneous melanoma
Only one study in our review examined the relationship between

genetically predicted alcohol intake and cutaneous melanoma.

This two-sample Mendelian randomization study, utilizing data

from the FinnGen consortium (2,993 cases; 287,137 controls),

reported a statistically significant association between the number

of drinks per week and the risk of cutaneous melanoma [OR

drinks/week = 2.23 (1.11–4.47); p = 0.02] (86). This study

demonstrated good methodological quality, as it validated all

three MR assumptions and received a high-quality rating in the

Q-Genie tool.

3.3.1.13 Thyroid cancer
Wang et al. (70) conducted a study involving 989 thyroid cancer

cases, examining the relationship between alcohol consumption

and thyroid cancer using 34 SNPs for drinks per week and

7 SNPs for overall alcohol consumption. The study found

no statistically significant associations for drinks per week

[ORdrinks/week = 1.407 (0.461–4.294), p = 0.549] and for overall

alcohol consumption [OR = 1.188 (0.762–1.850), p = 0.447].

This study was of high methodological quality, as it validated all

three MR assumptions and received a favorable rating in the

Q-Genie tool.

3.3.1.14 Biliary tract cancer
Only one study investigated the relationship between alcohol

consumption and biliary tract cancer, using 339 cases and

195,745 controls retrieved from BBJ. The study reported no

significant association (OR ever/never drinker = 0.98 [0.89–1.07],

p = 0.6363 (76). As previously mentioned, this study employed a

two-sample design, validated all three MR assumptions, and

achieved a high-quality score according to the Q-Genie tool.

3.3.2 Cardiovascular outcomes
Regarding ischemic heart disease, a one-sample MR study

using 8,408 cases from using the China Kadoorie Biobank found

no association with mean alcohol intake instrumented by

ALDH2-rs671 and ADH1B-rs1229984 [HR per 280 g per week =

1.04 (0.94–1.14), p = 0.457] (71). This study also showed a

U-shaped association with a conventional epidemiological

analysis but the apparent protective effect of moderate drinking

is not confirmed in the MR analysis. Using the ADLH2-rs671

variant, Au Yeung et al. (87) did not found significant

association between alcohol consumption and CVD or ischemic
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heart disease. These two studies utilized a one-sample design,

received good quality scores on the Q-Genie tool, and validated

at least two MR assumptions.

Some studies reported no association concerning stroke and

vessel diseases. One-sample MR analysis that used the ADH1B-

rs1229984 and ADH1C-rs698 variants found no association with

stroke in a Danish population [OR = 1.15 (0.66–2.02)] (88). The

two-sample MR study of Jia et al. (89) using 40,585 cases and

406,111 controls did not find a significant association of alcohol

consumption or dependence with ischemic stroke. Harshfield

et al. (90) used a two-sample MR analysis to explore the risk of

all stroke and ischemic stroke subtypes from the MEGASTROKE

Consortium using data from 67,162 European cases (60,341 cases

with any ischemic stroke regardless of subtype, of which 9,006

were cardioembolic stroke, 6,688 were large artery stroke, and

11,710 were small vessel stroke) and 454,450 controls. They did

not report any association between alcohol consumption and any

type of stroke. However, other studies reported significant

association. The one-sample MR study using 12,176 Asian cases

found a statistically significative positive association of genotype-

predicted mean alcohol intake with stroke [HR per 280 g per

week = 1.38 (1.27–1.49), p = 6.8 × 10−15] (71). This study also

showed a U-shaped association with a conventional

epidemiological analysis but the apparent protective effect of

moderate drinking is not confirmed in their MR analysis. A one-

sample MR study including 261,991 European descents showed

that the ADH1B-rs1229984 variant is associated with non-

drinking and lower alcohol consumption had a reduced risk of

ischemic stroke (but not the combined subtypes of stroke) than

those without the genetic variant (91). Biddinger et al. (92) in a

two-sample MR design using 8,710 cases from UK Biobank

found a significative positive association with stroke [OR per

1-SD increase in genetically predicted alcohol consumption = 1.26

(1.04–1.54), p = 2.10 × 10−2]. Lankester et al. (93) reported that

all stroke was positively associated with alcohol in all UK

Biobank one-sample analyses, but null in MEGASTROKE

[67,162 (all stroke); 60,341 (ischemic stroke)]. While ischemic

stroke analyses were all null, hemorrhagic stroke was positively

associated with alcohol use in UK Biobank analyses. Hu et al.

(94) explored the causal effects of moderate alcohol intake on

cardiovascular diseases including stroke in a prospective cohort

of 40,386 Chinese males (genotyped for ALDH2-rs671, 2,406

incident CVD). Their one-sample MR analyses revealed a linear

association of genetically predicted alcohol consumption with the

incident CVD [HR = 1.27 (1.05–1.53), p = 0.02], including total

stroke [HR = 1.33 (1.02–1.74), p = 0.04]. No significant effects

were obtained for ischemic stroke, but they found that genetically

predicted alcohol consumption was associated with increased

risk of hemorrhagic stroke, with a linear trend (p = 0.02). In

Chinese population, the one-sample MR study from Millwood

and colleagues (95) used the ALDH2-rs671 and ADH1B-

rs1229984 variants for alcohol consumption to estimate its

relation with cardiovascular outcome (n = 161,498). In men, their

conventional epidemiology analysis adjusted to smoking showed

that self-reported alcohol intake had U-shaped associations with

the incidence of ischemic stroke, and intracerebral hemorrhage.
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In contrast, their MR analysis showed a log-linear rather than a

U-shaped association with stroke. No association between alcohol

intake and stroke was found in women, a finding related to the

very low prevalence of drinking found in Chinese women. A

methodologically sound two-sample MR study performed by

Larsson et al. (40) assessed the relation between alcohol

consumption (94 SNPs from the GSCAN consortium) and eight

cardiovascular diseases using a meta-analysis of data of mainly

European descents from several consortia and the UK-Biobank

study. They showed that genetically predicted alcohol

consumption was associated with stroke [OR per 1-SD of log-

transformed alcoholic drinks per week = 1.27 (1.12–1.45),

p = 2.87 × 10−4], peripheral artery disease [OR = 3.05 (1.92–4.85),

p = 2.30 × 10−6], coronary artery disease [OR = 1.16 (1.00–1.36),

p = 0.052] and abdominal aortic aneurysm [OR = 2.60 (1.15–

5.89), p = 0.022]. In addition, associations with stroke types

remained significant (OR for ischemic stroke = 1.26, p = 0.002;

OR for intracerebral hemorrhage = 3.53, p = 0.001). These

associations were attenuated in multivariable MR analysis

adjusted for smoking initiation, leaving a significant association

only for stroke and peripheral artery disease. However, no

association was found with venous thromboembolism (p = 0.810),

and aortic valve stenosis (p = 0.926). Hisamatsu et al. (96)

reported in their MR study on 682 Japanese men genotyped for

ALDH2-rs671 the causal role of alcohol intake in cerebral small-

and large-vessel diseases. They found a positive association of

alcohol consumption with risk of cerebral small-vessel disease

[Age-adjusted OR = 1.46 (1.09–1.94)] and its inverse association

with risk of large-vessel disease [Age-adjusted OR = 0.70 (0.50–

0.98)]. However, these associations attenuated to statistical non-

significance after considering covariates and amount of alcohol

intake. In a two-sample MR study, Tian et al. (97) reported on a

mixed population that genetically predicted alcohol intake is not

associated with the risk of intracranial aneurysms [OR = 1.29

(0.68–2.45), p = 0.43]. Larsson et al. (98) conducted MR analyses

on the link between alcohol intake and the risk of intracerebral

hemorrhage using GWAS data on European participants from

three different sources: FinnGen, UK Biobank and previous

GWAS by Woo et al. (99). Their univariable MR analysis showed

a significant association with alcohol intake [OR = 1.59

(1.07–2.35), p = 2.07 × 10−2]. The association between genetically

predicted alcohol consumption and intracerebral hemorrhage

differed across studies, with a significant positive association in

the UK Biobank, a suggestive positive association in the Woo

et al. GWAS, and no association in FinnGen.

Regarding hypertension, in general, MR studies consistently

found a significant association with genetically predicted alcohol

consumption. A two-sample MR study (100) based on a pooled

analysis from the UK-Biobank (54,358 cases, 408,652 controls)

and FinnGenn (15,870 cases, 74,345 controls) cohorts of

European descents showed a positive association with alcohol

dependence [OR = 1.10 (1.06–1.13), 3 SNPs] and with alcohol

consumption [OR = 1.28 (1.07–1.52), 99 SNPs]. In Asian

population, Zhao et al. (101) found in a one-sample MR study

that genetically predicted alcohol consumption was associated

with hypertension in men of Chinese descents (OR = 1.19,
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p = 0.011), but not in women (p = 0.317), using the association of

rs671 in the ALDH2 gene with alcohol use in 2,349 participants.

Similar results were found in a South Korean one-sample MR

including 7,152 individuals using the same genetic variant (102).

A two-sample MR study using data from the UK Biobank found

a positive association with hypertension [OR per 1-SD increase

in genetically predicted alcohol consumption = 1.28 (1.18–1.39),

p = 1.73 × 10−9] (92).

Concerning Coronary artery/heart disease (CAD/CHD),

Biddinger et al. (92) using 27,667 cases from European ancestry

found a positive association with coronary artery disease [OR per

1-SD increase in genetically predicted alcohol consumption = 1.38

(1.10–1.74), p = 6.00 × 10−3]. The two-sample MR study of Jia

et al. (89) did not find a significant association of alcohol

consumption or dependence with coronary artery disease using

60,801 cases and 123,504 controls. Although a non-significant

link was observed between alcohol consumption and CAD in the

principal analysis, the MR-PRESSO approach revealed a

suggestive positive relationship [OR per 1-SD increase = 1.19

(1.00–1.40)]. A two-sample MR study of Yang et al. (103) did

not find any association of genetically predicted alcohol

measured by drinks per week with the risk of CAD (OR = 1.11

[0.92–1.35). However, this study found a significant association

of alcohol dependence with the risk of CAD [OR = 1.04 (1.02–

1.06); p < 0,001]. Hu et al. (94) explored the causal effects of

moderate alcohol intake instrumented by ALDH2-rs671 on

cardiovascular diseases including coronary artery diseases using

2,406 incident CVD cases. They observed a J-shaped association

of self-reported alcohol consumption with incident CVD,

showing decreased risks for light (≤25 g/day) and moderate

drinkers (25−≤60 g/day). However, the one-sample MR analyses

revealed a linear association of genetically predicted alcohol

consumption with the incident CVD [HR = 1.27 (1.05–1.53),

p = 0.02], including CAD [HR = 1.46 (1.01–2.11), p = 0.04]. After

excluding heavy drinkers, the risk of incident CVD was increased

by 27% per standard drink increment of genetically predicted

alcohol consumption. A two-sample MR conducted in European

decent by Rosoff et al. (104) that also used SNPs from the

GSCAN consortium (n = 71) showed that genetically predicted

alcohol consumption was positively associated with CHD [OR =

1.21 (1.01–1.45)], but the effect was attenuated to a non-

significant level after adjustment for smoking, whereas an

association with coronary atherosclerosis remained significantly

positive [OR = 1.02 (1.01–1.03), p = 5.56 × 10−4]. A one-sample

MR study including 261,991 European descents showed that the

ADH1B-rs1229984 variant is associated with non-drinking and

lower alcohol consumption had a reduced risk of coronary heart

disease than those without the genetic variant (91). However,

when analysis was restricted to non-drinkers, the association

was null.

Concerning myocardial infarction, Biddinger et al. (92) using

14,503 cases reported a significant positive association with

myocardial infarction [OR = 1.37 (1.05–1.78), p = 2.00 × 10−2]. In

contrast, Lankester et al. (93) provided inconsistent results. Their

study found a positive association between alcohol consumption

and myocardial infarction in the UK Biobank, but this
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association did not hold in the multivariable Mendelian

randomization (MVMR) analysis and was not replicated in the

CARDIOGRAMplusC4D dataset. A two-sample MR performed

on European decent by Rosoff et al. (104) using SNPs from the

GSCAN consortium (n = 71) showed that genetically predicted

alcohol consumption was positively associated with myocardial

infarction [OR = 1.24 (1.03–1.50)]. However, the effect was

attenuated to a non-significant level after adjustment for

smoking. Millwood et al. (95) in a one sample design used the

ALDH2-rs671 and ADH1B-rs1229984 variants for alcohol

consumption to estimate its relation with cardiovascular disease

(n = 161,498) in Chinese population. In men, their conventional

epidemiology analysis adjusted to smoking showed that self-

reported alcohol intake had U-shaped associations with the

incidence of acute myocardial infarction. However, the genotype-

predicted mean alcohol intake was not significantly associated

with myocardial infarction (RR per 280 g/week = 0.96, p = 0.69).

No association between alcohol intake and myocardial infarction

was found in women, a finding related to the very low

prevalence of drinking found in Chinese women.

Concerning heart failure, a two-sample MR study using 5,812

cases found a positive association with stroke [OR = 1.39 (1.08–

1.78), p = 9.00 × 10−3] (92). Lankester et al. (93) found that Heart

failure was positively associated with alcohol use in the initial

UK Biobank analysis, but associations were null in external

datasets, thus providing inconsistent results. Another two-sample

MR (105) also showed no significant association between alcohol

consumption (using 91 SNPs also from the GSCAN consortium)

and heart failure in 47,309 cases and 930,014 controls of

European descents (p = 0.30). Similarly, The two-sample MR

study performed by Larsson et al. (40) showed that genetically

predicted alcohol consumption was not associated with heart

failure (p = 0.996).

Concerning atrial fibrillation, a two-sample MR study utilizing

data from the AFGen consortium on European individuals (17,931

cases and 115,142 controls) focusing on daily alcohol consumption

did not find a causal association with incidence of AF [OR = 1.09

(0.72–1.76)] (106). In another two-sample study, Jiang et al.

(107) did not find any association using 43 SNPs from the

GSCAN consortium for alcohol intake (p = 0.979), 12 SNPs for

alcohol dependence from the PGC consortium (p = 0.26) and 12

SNPs from the UK-Biobank for AUDIT score (p = 0.827).

However, five other MR studies suggested that the association

between alcohol consumption and AF may be causal. A two-

sample MR study, using both linear and non-linear approaches,

with data from the UK Biobank (92) on 14,367 European cases

found a positive association with stroke [OR = 1.24 (1.08–1.44),

p = 3.00 × 10−3]. The positive association with in increased risk of

AF is confirmed in another two-sample MR study on mixed

ancestry (European, Japanese, African American, Brazilian and

Hispanic) showing that heavy alcohol consumption (>35 units/

week in women and >50 units/week in men) increased AF risk

[OR = 1.11 (1.04–1.18), p = 0.001] (108). The two-sample MR

study performed by Larsson et al. (37) assessed the relation

between alcohol consumption (94 SNPs from the GSCAN

consortium) and eight cardiovascular diseases using a
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meta-analysis of data of mainly European descents from several

consortia and the UK Biobank study. They showed that

genetically predicted alcohol consumption was associated with

atrial fibrillation [OR = 1.17 (1.00–1.37), p = 0.050]. Another one-

sample MR study using 8,964 Asian participants genotyped for

the ALDH2-rs671 SNP found a significant association with AF

in men but not in women [OR = 3.00 (1.13–8.68)] and

multivariate model [OR = 3.17 (1.18–9.24)] (109), conversely to

their observational analysis. Lankester et al. (93) reported that

one additional drink of alcohol per day was positively associated

with AF [OR = 1.26 (1.07–v1.48)] in their one-sample (UK

Biobank) analysis but two-sample MR association was null.

3.3.3 Liver outcomes
Three studies investigated the association between genetically

predicted alcohol consumption and NAFLD. Sookoian et al.

(110) used the rs1229984 variant of ADH1B to investigate the

association between genetically predicted alcohol consumption

and the histology of MASLD in an European population of 331

MASLD cases and 135 controls. The results suggested that in

patients with MASLD at high-risk for progressing to end-stage

liver disease, alcohol consumption even at moderate amount

might be harmful and thus suggested no beneficial effect of

moderate alcohol consumption on MASLD disease severity.

Carriers of the A-allele consumed significantly lower amounts of

alcohol compared with noncarriers (2.3 ± 5.3 vs. 8.18 ± 21 g per

day, mean ± s.d., p = 0.03), and showed lower degree of

histological steatosis (1.76 ± 0.83 vs. 2.19 ± 0.78, p = 0.03), and

lower scores of lobular inflammation (0.54 ± 0.65 vs. 0.95 ± 0.92,

p = 0.02) and MASLD-Activity Score (2.9 ± 1.4 vs. 3.7 ± 1.4,

P = 0.015) compared with noncarriers. Thus, the group with

higher lifetime alcohol consumption (albeit very modest in this

study because the inclusion criteria for MASLD impose indeed

obvious restrictions into this variable) showed markers of more

severe disease on biopsy, even though alcohol consumption was

at very modest levels. The study sample comprised of a small

number of subjects who drink alcohol in moderate amounts and

a small number of events owing to the low frequency of the

variant. However, this study reported methodological shortcomings

and validated only two assumptions.

Yuan et al. (111) in a two sample MR design used 84 SNPs to

investigate the relationship between genetically predicted alcohol

consumption and the risk of MASLD. The results indicated a

statistically significant inverse association between genetically

predicted alcohol consumption and the risk of MASLD [OR =

0.61 (0.38–0.96); p = 0.03]. However, the findings need further

validation due to moderate-to-high heterogeneity and potential

pleiotropy in the genetic instruments used. Another two-MR

study design using 3,242 cases and 707,631 controls from

European ancestry using a set of 84 SNPs related to alcohol

consumption measured by number of drinks per week reported

no significant association with the risk of MASLD [OR = 1.20

(0.63–2.28); p = 0.574]. In contrast the study reported a strong

and statistically significant association between genetically

predicted alcohol consumption and a markedly increased risk of

developing Alcoholic liver disease [OR = 14.35 (7.69–26.81); p =
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6.32 × 10−17] (74). This study validated all three MR assumptions

and was rated as high quality according to the Q-Genie tool.

As for cirrhosis, two studies explored the association with

genetically predicted alcohol consumption. Yuan et al. (74)

reported a statistically significant association between genetically

predicted alcohol consumption and an increased risk of cirrhosis

[OR = 2.96 (1.50–5.85); p = 0.002]. Similarly, Im et al. (71) using

499 cases demonstrated a strong and statistically significant

positive association between alcohol consumption instrumented

by ALDH2-rs671 and ADH1B-rs1229984 and the risk of

developing cirrhosis [HR = 2.30 (1.58–3.35); p = 1.5 × 10−5]. As

mentioned above these two studies are two sample design,

validated all three MR assumptions and was rated as high quality

according to the Q-Genie tool.

Two MR studies assessed the relation between alcohol

consumption and liver function through biomarkers. Using

variants of ADH1B and ADH1C as IVs in 58,313 individuals of

Danish origin from the Copenhagen General Population Study

(CGPS), Lawlor et al. (112) reported that amongst those who

drank any alcohol, positive but not significant association were

observed with higher alanine aminotransferase (ALT, mean

difference per doubling of alcohol consumption = 3.7% [−4.5–
11.9], y-glutamyl-transferase (GGT) = 6.8% [−2.8–16.5], while

these associations were significant in their observational

multivariable analyses. In contrast, a strong positive effect was

found in MR analysis with alkaline phosphatase [ALP = 11.6%

(6.8–16.4)] whereas the observational multivariable analysis

suggested a weak inverse association. A more recent study used

the ADH1B-rs1229984 as IV for assessing alcohol drinking. The

association between genetically predicted alcohol consumption

was not significant with ALT and GGT levels (whereas it was

significant in their multivariate observation analysis). It was

however significant with the incidence of liver disease per 12 g

alcohol/week [OR = 1.71 (1.38–2.13)] (113). These two studies

utilized a one-sample design and validated two Mendelian

randomization assumptions.

All these studies received good quality scores on the Q-Genie

tool, and validated at least two MR assumptions.

3.3.4 Neurological outcomes
Several MR studies assessed the link between alcohol

consumption and cognitive performance. In a one-sample MR

study by Almeida et al. (114), genetic instruments for alcohol

consumption were used to investigate cognitive performance in a

sample of 3,542 elderly men. The A allele of the ADH1B-

rs1229984 was associated with lower prevalence of regular use of

alcohol and decreased consumption among regular users.

Although observed abstainers and irregular drinkers had higher

odds of cognitive impairment (assessed with the Mini-Mental

State Examination) than regular drinkers, the rs1229984-A

polymorphism was not associated with a decreased odds of

cognitive impairment [adjusted ORAA/GG = 1.35 (0.29–6.27);

ORAG/GG = 1.05 (0.71–1.55)]. Similarly, no association was found

with cognitive performance (assessed in terms of word recall,

verbal fluency and processing speed) in another one-sample MR

analysis using the same SNP in a population of mixed ancestry
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(115). Another one-sample MR study performed in Asian

population and using the ALDH2-rs671 found no association

between genetically-predicted alcohol consumption and cognitive

function (assessed with word recall score and Mini-Mental State

Examination) (116). A two-sample MR study using a set of 99

independent SNPs associated with the number of drinks per

week in young adults also failed to show any association with

cognitive functioning, assessed in terms of working memory,

response inhibition and emotion recognition (117). Ritchie et al.

(118) tested a different approach, in a gene × environment

interaction study one-sample MR study. Cognitive ability was

measured twice in 1,091 participants of the Lothian 1,936 birth

cohort, at ages ∼11 and ∼70 years, using the IQ Moray House

Test. Mean alcohol consumption was measured with a self-report

instrument over the previous 2–3months before the cognitive test

(recent alcohol consumption). A four-SNP score was used to

assess ADH activity. Neither alcohol consumption (b =−0.14,
p = 0.62) nor SNP score (b = 0.11, p = 0.82) were significant

predictors of age ∼70 cognitive ability. However, a significant

(albeit small) gene-environment interaction was found (b =−1.13,
p = 0.007) showing that alcohol consumption interacted with the

genotype score to significantly predict age ∼70 cognitive ability. In

terms of methodological quality assessment, from these 5 studies

on cognitive performance, only Au Yeung et al. (116) validated all

three assumptions, and Ritchie et al. (118) was to be of good

quality according to the Q-genie Tool.

Li et al. (119) 2024 comprehensively explored the causal

associations of the common environmental factors with major

Neurodegenerative Diseases (NDDs) including Alzheimer’s

disease (AD), Parkinson’s disease (PD), amyotrophic lateral

sclerosis (ALS), and multiple sclerosis (MS), based on updated

large-scale genome-wide association study data through two-

sample Mendelian randomization (MR) approach. The AD

GWAS dataset from the International Genomics of Alzheimer’s

Project (IGAP) Stage 1 meta-analysis included 21,982 AD cases

and 41,944 cognitively normal controls. The PD GWAS dataset

was obtained from a meta-GWAS released by the International

Parkinson’s Disease Genomics Consortium (IPDGC) and

included 33,674 PD cases and 449,056 controls mainly from

three previous studies and 13 case-control studies The ALS

GWAS dataset was derived from a large-scale multi-source meta-

GWAS based on individual-level genotype data from 117 cohorts,

including 27, 205 ALS cases and 110,881 controls. The MS

GWAS dataset was from a meta-GWAS published by the

International Multiple Sclerosis Genetics Consortium (IMSGC)

based on 15 previous datasets and two large-scale independent

datasets, including a total of 47,429 MS cases and 68,374

controls. Genetically predicted higher alcohol intake frequency

was found to be associated with higher risk of MS [OR = 1.412

(1.130–1.765), p = 2.418 × 10−3], but lower risk of PD [OR =

0.724 (0.572–0.916), p = 7.174 × 10−3]. However, the genetically

predicted drinking amount was not associated with any NDDs.

The evidence of pleiotropy involving the causal association of

alcohol intake frequency with MS suggested that this observed

association may not be robust. Among the multiple types of

alcohol consumption, higher average weekly beer plus cider
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intake, but not spirits or red wine, was causally associated with

higher risk of AD [OR = 2.570 (1.389–4.757), p = 2.653 × 10−3].

This study validated all three MR assumptions, and was reported

to be of good quality according to the G-genie Tool.

In studies focusing on Alzheimer’s disease, Meng et al. (120)

used genome-wide association data sourced from the UK

Biobank (UKBB) GWAS summary statistics. The dataset

analyzed 361,194 participants and included 13.7 million QC-

passing SNPs. The numbers of SNPs ultimately identified as the

instrumental variables were 89 (Alcohol intake frequency) and 30

(Alcoholic drinks per week). To identify genetic variants

associated with AD prevalence, the authors utilized meta-analysis

data from the International Genomics of Alzheimer’s Project

(IGAP). This dataset comprised 63,926 subjects, including 21,982

AD cases and 41,944 healthy controls of European origin.

Neither alcohol intake frequency [OR = 0.923 (0.753–1.134), p =

0.364] nor alcoholic drinks per week [OR = 1.162 (0.803–1.678),

p = 0.479] were associated with AD risk. Larsson et al. (121)

performed an MR study using genetic variants associated with

modifiable risk factors, including alcohol consumption, as

instrumental variables. Summarized data for the associations

between the genetic variants and risk factors for Alzheimer’s

disease were obtained from the International Genomics of

Alzheimer’s Project (IGAP), which included 17,008 cases of

Alzheimer’s disease and 37,154 controls. Genetically predicted

alcohol consumption was negatively, albeit non-significantly,

associated with Alzheimer’s disease [OR 0.72 (0.50–1.04),

p = 0.08]. Andrews et al. (122) assessed the relationship between

alcohol consumption (number of drinks/week, n = 537,349

from a GWAS of the GSCAN; 55 SNPs), alcohol dependence

(n = 46,568 from the PGC; 20 SNPs), AUDIT score (n = 121,604

from the UK Biobank study; 11 SNPs), and late-onset

Alzheimer’s disease (AD) (n = 17,008 cases and 37,154 controls

from a meta-analysis of four studies) or AD age of onset survival

(14,406 cases and 25,849 controls from the IGAP study) in

individuals of European descent. No association was found with

late-onset AD. However, genetically predicted alcohol consumption

was associated with an earlier AD age of onset survival [HR = 2.02

(1.42–2.87), p = 9.4 × 10−5]. Additionally, individuals with 1-SD

(1.90 drinks/week) higher consumption of alcohol are twice as

likely to develop AD at a given point in time, resulting in a 66%

probability of an earlier age of onset. These three studies on AD

validated all three MR assumptions and were reported to be of

good quality according to the G-genie Tool.

For Parkinson’s disease, Grover et al. (123) examined causal

associations between risky behavior phenotypes and Parkinson’s

disease using a Mendelian randomization approach. They used a

two-sample Mendelian randomization to generate unconfounded

estimates using summary statistics from two independent, large

meta-analyses of genome-wide association studies on risk-taking

behaviors (n = 370,771–939,908) and Parkinson’s disease (cases

n = 9,581; controls n = 33,245). Additionally, they utilized a

recently published GWAS on alcohol consumption using data

from 112,117 individuals from the UK Biobank. The effect

estimates using different MR methods showed no significant

association between genetically predicted weekly alcohol
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consumption (n = 941,280, 71 SNPs) and the risk of PD [OR = 1.15

(0.87–1.53); p = 0.325]. This finding of a suggestive absence of a

causal association between alcohol consumption and PD was

replicated using data from the UK Biobank [OR = 1.389 (0.110–

17.563); p = 0.7621]. Heilbron et al. (124) performed a split-

sample design MR analysis with customers of 23andMe, Inc., a

personal genomics company. The analysis included 19,924 PD

cases and 2,413,087 controls. The diagnosis of PD was self-

reported. A genome-wide association study was performed to

identify single nucleotide polymorphisms associated with alcohol

intake. Higher daily alcohol intake increased the risk of PD

[OR = 1.125 (1.025–1.235); p = 0.013]. Notable limitations were

that phenotypes (especially PD) were constructed using self-

reported data derived from online surveys, which may suffer

from recall bias and desirability bias. Additionally, the

individuals studied were not a random sample of the general

population, potentially leading to selection bias. Domenighetti

et al. (125) examined associations of lifestyle behaviors, including

alcohol drinking, with PD using two-sample MR and investigated

the potential for survival and incidence-prevalence biases. They

used summary statistics from publicly available studies to

estimate the association of genetic polymorphisms with lifestyle

behaviors and from Courage-PD (7,369 cases, 7,018 controls;

European ancestry) to estimate the association of these variants

with PD. The GWAS and Sequencing Consortium of Alcohol

and Nicotine use (GSCAN) provided summary statistics for the

number of alcohol drinks per week (n = 941,280; 71 SNPs) in

participants of European descent. There was a non-significant

negative association between alcohol drinking and PD [OR IVW

= 0.68 (0.39–1.18), p = 0.17]. Finally, Domínguez Baleón et al.

(126) conducted a two-sample Mendelian randomization study

using genome-wide association study summary statistics from the

GWAS & Sequencing Consortium of Alcohol and Nicotine use

study (1.2 million participants) and the latest meta-analysis from

the International Parkinson’s Disease Genomics Consortium

(37,688 PD cases and 18,618 proxy-cases). The analysis revealed

a significant association of genetically predicted alcohol intake

with lower PD risk [OR = 0.79 (0.65–0.96); p = 0.021].

Multivariable MR analyses showed that the causal association

between drinks per week and PD is unlikely due to confounding

by smoking behavior. Frailty analyses suggested that the causal

effect of alcohol intake on PD risk estimated from MR analysis is

not explained by the presence of survival bias alone. These four

studies on PD validated all three MR assumptions and were

reported to be of good quality according to the G-genie Tool.

In examining ALS, Yu et al. (127) used a large GWAS consisting

of 20,806 cases and 59,804 controls. Using 44 SNPs from a GWAS

that included 480,842 individuals of European descent, they found

a significant association between genetically predicted alcohol

consumption and ALS [OR per 10 g/day = 2.48 (1.38–4.44); p =

0.002]. This association remained significant after adjusting for

smoking in a multivariable MR analysis [OR = 2.23 (1.06–4.70); p

= 0.040]. This study validated all three MR assumptions and was

reported to be of good quality according to the G-genie Tool.

Wang et al. (128) conducted an MR study to evaluate the

association between genetically predicted alcohol consumption
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and earlier age at onset (AAO) of Huntington’s disease (HD).

They selected genetic instruments for alcohol consumption

(n = 941,280) based on two large genome-wide association studies

(GWAS). The summary-level data for residual AAO of HD were

derived from a GWAS meta-analysis carried out by the Genetic

Modifiers of Huntington’s Disease Consortium (n = 9,064 HD

patients). Univariable and multivariable MR analyses evaluated

the independent impact of smoking and alcohol consumption on

AAO of HD. No significant association was found between

alcohol consumption and AAO of HD. This study validated all

three MR assumptions and was reported to be of good quality

according to the G-genie Tool.

Two studies investigated the relationship between alcohol

consumption and epilepsy. Zhang et al. (129) conducted a two-

sample MR study where genetic variants associated with alcohol

intake were adopted as instrumental variables. Summary data for

epilepsy were obtained from the International League Against

Epilepsy (ILAE) Consortium (15,212 cases and 29,677 controls)

and the FinnGen consortium (4,588 cases and 144,780 controls).

Based on findings reported from the Consortium of Alcohol and

Nicotine Use (GSCAN), 84 independent SNPs were adopted as

instrumental variables for alcohol intake. Combined analysis of

the ILAE and FinnGen databases indicated that genetically

predicted alcohol intake was associated with a higher risk of

epilepsy [OR = 1.24 (1.06–1.47); p = 0.009]. Yuan et al. (130) also

conducted a two-sample MR study. Summary-level data for

epilepsy were obtained from the FinnGen consortium (4,588

cases; 144,780 controls). Potential causal associations (p < 0.05)

were attempted for replication using UK Biobank data (901 cases

and 395,209 controls). Although positive, the association

observed for genetically predicted alcohol consumption was not

significant [OR = 1.54 (0.99–2.41), p = 0.058]. Both studies

assessing epilepsy validated all three MR assumptions and were

reported to be of good quality according to the G-genie Tool.
4 Discussion

In this systematic review, we examined 70 MR studies that

investigated the causal relationships between alcohol consumption

and cancers (26 studies), cardiovascular (24 studies), liver

(6 studies) and neurological (17 studies) diseases. Observational

studies have suggested that any level of alcohol consumption poses

a risk to health, and the potential protective effects of low levels of

consumption may be influenced by confounding factors and

methodological biases (131). With the advantage of a large

number of genetic variants involved in alcohol metabolism and

consumption, we deemed it important to analyze the latest data

from MR studies on the effects of alcohol on health outcomes.
4.1 Cancers

Our review on the relationship between genetically predicted

alcohol consumption and various cancers provides important

insights, yet reveals a complex and heterogeneous set of findings.
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The association of genetically-predicted alcohol consumption

with cancer was assessed for all cancers in one study (60), for

breast and ovarian cancers in five additional studies (62–66) and

for endometrial cancer in one study (67).

Regarding breast cancer, the five MR analyzes reported no

significant association except with genetically predicted

problematic alcohol use (60, 62, 63, 65, 66). These results were

in contradiction with the findings of observational studies

showing that any drinking, starting from light to moderate

alcohol consumption is associated with a dose-dependent

increase in breast cancer risk (62, 132, 133). However, it is

crucial to note that the MR study may have lacked sufficient

statistical power to identify such a moderately sized association,

as demonstrated in other studies, where there is an 8% to 12%

increase in risk for each 10 g/day increment in alcohol

consumption, as some authors have suggested (68). As for

ovarian cancer, MR findings were consistent with those of

observational studies suggesting no association between alcohol

consumption and ovarian cancer (134, 135).

For endometrial cancer, MR analysis indicates a strong

causal relationship between genetically predicted alcohol

consumption and EC risk. Specifically, highlighting the

protective effect of genetically predicted alcohol. Subgroup

analyses revealed that genetically predicted alcohol

consumption had a protective effect only in the endometrioid

subtype of endometrial cancer (EEC), while no protective

effect was observed in non-endometrioid endometrial cancer

(NEC). The study suggests that the protective effect of alcohol

consumption on EC is mediated by other factors, specifically a

decrease in human chorionic gonadotropin (HCG), which is

associated with endometrial proliferation and malignant

tumors (136), and insulin-like growth factor 1 (IGF1), which

is involved in the occurrence and development of EC (137).

This relationship has been controversial in observational studies.

A prospective cohort study involving 41,574 participants found that

daily alcohol consumption of ≥2 drinks/day increased

postmenopausal EC risk [RR = 2.01 (1.3–3.11)] compared to no

alcohol consumption (138). Conversely, another prospective

Nurses’ Health Study by Je et al. (139) in a population of 68 067

female participants showed a decreased risk of endometrial cancer

for light alcohol consumption. Women with an alcohol intake of

less than 5 g per day had a 22% lower risk of endometrial cancer.

When comparing categories of alcohol intake and risk of

endometrial cancer, the evidence remains inconsistent. A meta-

analysis by Bagnardi et al. (20), based on results from 21

observational studies, found no significant association between

endometrial cancer risk and moderate (≤50 g per day) or light

(≤12.5 g per day) alcohol intake compared to no alcohol intake.

The relationship between alcohol consumption and prostate

cancer risk remains inconclusive in observational studies (140).

While some studies suggest a potential increased risk among

heavy drinkers (141), others find no significant association,

particularly for low-to-moderate consumption (142). In contrast

to these mixed findings, the two MR studies reported no

significant association between genetically-predicted alcohol

consumption and prostate cancer. However, alcohol consumption
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was associated with increased prostate cancer mortality in men

with low-grade prostate cancer (60, 68).

Oral/oropharyngeal cancers is the site-specific cancer clearly

associated with genetically-predicted alcohol consumption in

our review (69). Importantly, this association remained

significant even after adjusting for smoking, demonstrating

alcohol’s independent effect which contrasts observational

studies suggesting alcohol interacts synergistically with

smoking to elevate the risk of head and neck cancer (143).

Observational studies have identified alcohol as a significant

risk factor for head and neck cancer (144, 145). Genetic

factors, such as slow ADH1B and ALDH2 enzyme activity,

further increase susceptibility to alcohol-induced HNC (146).

Biochemical studies further elucidate this relationship,

showing that alcohol’s toxicity involves its metabolic products,

oral microbiota, and oxidative stress, leading to genetic and

epigenetic alterations (147), suggesting carcinogenic effects of

alcohol are mediated not only through systemic exposure but

also through local factors (148).

The results regarding the relationship between alcohol

consumption and lung cancer were contradictory. One (72) of

four MR studies (60, 71–73) examining the effects on lung

cancer suggested that genetically predicted habitual alcohol

consumption with meals (also described as light to moderate)

was a protective factor against lung cancer and squamous cell

cancer lung. This alcohol consumption during meals was

unrelated to lung adenocarcinoma or small cell lung cancer in

the MR analysis. Similarly, another MR study suggested a

decreased risk in both men and women although it was

statistically insignificant in women. These results confirm

observational studies supporting the idea that light to moderate

alcohol consumption may prevent lung cancer, most prominently

squamous cell carcinoma, and increase survival after the

diagnosis (18, 149). In contrast, In Larsson et al. (60), genetically

predicted alcohol drinking was significantly positively associated

with lung cancer in the ILCCO but not in the UK-Biobank

study. In any case, the findings reported by this study call into

question a protective effect of alcohol consumption on the onset

of lung cancer while another study reported no association (73).

However, the association between alcohol consumption and lung

cancer is still under debate for never-smokers (150).

Regarding esophageal cancer, results from the six studies were

contradictory. While four studies reported a positive association

between alcohol intake and esophageal risk (60, 71, 74, 76),

another study reported no association with genetically predicted

alcohol frequency (75). Similarly, Zhang et al. (77) reported no

association with esophageal squamous cell carcinoma, however,

they did find a significantly increased risk associated with the

variant rs1229984 of ADH1B. Despite these discrepancies, this set

of six MR studies supports previous observational studies. A dose-

response meta-analysis indicated that alcohol intake significantly

increases the incidence of esophageal cancer, especially for ESCC

(151). Additionally, another recent dose-response meta-analysis

reported that even light alcohol consumption is significantly

associated with higher risks of esophageal cancer, extending

beyond heavy alcohol consumption (152).
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As for gastric cancer, the set of five studies overall provides

little support for a causal relationship between genetically

predicted alcohol consumption and the risk of gastric cancer.

Four out of the five studies reported no significant association.

Yuan et al. (74) did report a positive, though non-significant,

association even after adjusting for smoking. Interestingly,

observational data showed a similar direction in a recent meta-

analysis of eighty-one epidemiological studies demonstrated that

increased daily intake of alcohol was correlated with a

heightened incidence of gastric cancer (153).

Seven studies assessed the association between genetically

predicted alcohol intake and colorectal cancer. Of these, five

studies reported an increased risk, with one study maintaining

a positive association even after adjusting for smoking (74).

While one study reported no association with current, never

and previous alcohol intake (80), another found a negative,

though non-significant, association (76). Overall, these results

align with observational studies suggesting that alcohol

consumption is a risk factor for colorectal cancer, particularly

in Asian populations. A case-control study conducted in an

Asian population revealed that being a current or former

drinker was positively associated with the risk of CRC

compared to controls [OR = 5.4 (1.1–27.8), p = 0.043] (154).

Moreover, an updated meta-analysis of prospective cohort

studies by Zhou et al. (79) demonstrated that moderate and

heavy drinking were statistically significantly associated with

an increased risk of colorectal cancer.

The association between genetically predicted alcohol

consumption and the risk of liver cancers was analyzed in six

MR studies. Consistent with previous observational studies, the

MR studies demonstrated that genetically predicted alcohol

consumption increases the risk of hepatocellular carcinoma.

Notably, one of these studies reported a non-linear relationship,

finding a positive association between pure alcohol intake (g/day)

and the risk of HCC, with a statistically significant linear trend

(p < 0.0001). However, these studies showed positive but non-

statistically significant associations with liver cancer overall. A

similar positive relationship between alcohol consumption and

HCC risk in Chinese populations was reported in a meta-analysis

of 18 case-control studies, which included 3,812 HCC cases and

10,927 controls. The meta-analysis found that ever drinkers had a

significantly higher risk of HCC compared to never drinkers

(OR = 1.56; 95% CI, 1.16–2.09) (155). Another meta-analysis of

11 case-control studies indicated a positive association between

alcohol consumption and liver cancer risk, with a higher intake

increasing the risk compared to lower intake (156). The

underlying mechanisms explaining this association in previous

studies are multifaceted. Acetaldehyde, the first metabolic product

of alcohol, can induce oxidative stress and DNA damage,

promoting carcinogenesis. Furthermore, chronic and heavy

alcohol consumption can lead to alcoholic cirrhosis, a known

precursor to HCC. Moreover, alcohol acts as a solvent, enhancing

the penetration of other carcinogens into liver cells, while also

impairing hepatic detoxification and immunity (156, 157).

As for pancreatic cancer, all three studies from our review did

not show any significant causal association with genetically
Frontiers in Epidemiology 17
predicted alcohol drinking. These findings contrast with

previous observational studies, which reported an increased risk

of pancreatic cancer only with heavy drinking (158, 159) likely

mediated by inflammatory pathways related to chronic

pancreatitis (160).

Also, our review found no relationship between alcohol

consumption and bladder cancer risk. The link between alcohol

consumption and bladder cancer risk has been inconsistent in

observational studies, with varying results likely due to the type

of alcohol consumed (e.g., beer, wine, or spirits) rather than the

amount of alcohol consumed (161, 162). There was a linear

dose-response relation in those who consume alcohol from liquor

or spirits (163).

Conversely, a statistically significant increased risk of

cutaneous melanoma was observed, aligning with observational

studies that reported an increased risk even with moderate

alcohol intake. Ethanol has been shown to inhibit the

developmental process of melanocytes, directly contributing to

the progression of melanoma, it also enhances its metastatic

ability (164–166).

Contrary to observational studies suggesting an association

between moderate alcohol consumption and a lower risk of

thyroid and biliary tract cancers (167, 168), our systematic review

did not confirm any significant association.

Finally, genetically predicted alcohol consumption was not

associated to overall cancer in the only study having all

cancers as outcomes (60). This lack of association is likely to

be reliable to some extent as the study showed good

methodological qualities.

Overall, MR studies suggest that genetically predicted alcohol

consumption is associated with an increased risk for certain

cancers, particularly oral/oropharyngeal, lung, head and neck,

cutaneous melanoma, colorectal, and liver cancers particularly

hepatocellular carcinoma. For breast cancer, a statistically

significant increased risk was only observed in association with

genetically predicted problematic alcohol use. for esophageal

cancer, a statistically significant association was reported in the

two studies performed on Asian ancestry population. Particularly,

an increased risk for esophageal squamous cell carcinoma

(ESCC) in association with the ADH1B rs1229984 variant. In

contrast, no significant association was found for ovarian,

prostate, lung, esophageal, gastric, pancreatic, bladder, thyroid,

kidney, non-Hodgkin lymphoma, biliary tract cancers.

Endometrial cancer showed a unique protective effect particularly

in the endometrioid subtype.

These findings highlight the complex and varied relationship

between alcohol consumption and cancer risk. The

inconsistencies in the results can be attributed to differences in

population ancestry, sample size, and genetic variants across the

studies. To obtain more definitive conclusions, it is essential to

conduct studies with more generalized populations. Additionally,

it is important to note that we were unable to assess possible U-

or J-shaped relationships between alcohol consumption and

cancer risk in this review. Future research should aim to address

these gaps and explore the potential non-linear associations

between alcohol consumption and cancer.
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4.2 Cardiovascular outcomes

The relationship between alcohol drinking and CVD is

complex, controversial and still highly debated (169). There have

been a growing number of studies outlining both harmful and

potentially protective effects of alcohol consumption on the risk

of various cardiovascular outcomes but there is less clarity about

estimates of risk with low levels of consumption (131).

Observational studies have consistently reported that compared

with non-drinkers, light to moderate drinking exhibits a reduced

cardiovascular risk (170, 171). However, relying on the

participants’ self-report, imply the possibility of reverse causality

and confounding; for example, Schutte et al. demonstrated that

using never drinkers as reference entails a bias leading to

underestimating the cardiovascular risk. When considering the

drinking reference bias and excluding ischemic heart disease and

wine beverage from the analysis, there is no overall

cardiovascular protection from alcohol and instead there is an

association with increased cardiovascular risk even when

consuming 112 g or less per week (172).

Although two meta-analyses of observational studies reported

an association of light or moderate alcohol consumption with a

reduced risk of heart failure (26, 173), two large two-sample

MR analyzes that validated all three key assumptions and

reported a good quality according to the Q-genie tool) found

no association between genetically predicted alcohol intake and

the risk of heart failure (40, 105). As these two MR studies did

not distinguish between levels of alcohol consumption, it is

difficult to confront their findings with those deriving from the

observational studies.

Five MR studies examined alcohol intake and hypertension

(100–102, 174, 175). All these MR studies showed a significant

association of alcohol consumption with an increased risk of

hypertension, with the exception of a Chinese study where no

association was found in women, a result that may derive, as

suggested by the authors, from the fact that Chinese culture does

not encourage women to drink (101). As these MR studies were

not designed to reveal nonlinear associations, no conclusion

could be reached regarding the light-moderate alcohol use

possible causal effect on hypertension. These findings are

consistent with two recent meta-analyses of cohort studies

showing an elevated risk of hypertension compared to abstainers

for any amount of alcohol consumption in men, and above

20–24 g per day in women (176, 177). In addition, it has been

shown that a reduction in alcohol consumption was associated

with a decrease of blood pressure in a dose-dependent manner

with an apparent threshold effect at 24 g of alcohol per day.

Overall, the convergent findings of MR and observational studies

findings supports the hypothesis of causal effect of alcohol

consumption on blood pressure and hypertension risk,

particularly in men.

Four MR studies investigated the association of genetically

predicted alcohol consumption with CHD (including coronary

artery disease and myocardial infarction) (40, 91, 95, 104). These

studies mostly showed non-significant associations between CHD

and genetically predicted alcohol consumption when adjusted to
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smoking (40, 104). One study (91) showed that a genetic variant

associated with non-drinking and lower alcohol consumption

had a reduced risk of CHD, an association that disappeared

when the analysis was restricted to non-drinkers.

Two MR studies in our review investigated the association of

genetically predicted alcohol consumption with AF. The two-

sample MR study conducted by Jiang et al. (107) reported no

significant association between genetically predicted alcohol

consumption and the risk of AF. As this MR study did not

distinguish between levels of alcohol consumption, it is difficult

to confront its negative findings with those deriving from the

observational studies, showing an association between heavy

alcohol consumption and an increased risk of AF (178). While

Larsson et al. suggested a positive significant association between

genetically predicted alcohol consumption and AF [ORIVW, 1.17,

(1.00–1.37); p = 0.05], the association was no longer significant

after adjustment for smoking initiation (40). All four MR studies

that investigated stroke reported a positive association with

genetically predicted alcohol consumption (40, 88, 91, 95). One

study was particularly methodologically sound, and showed that

the association resisted to the adjustment to smoking initiation

(40). Another study (91) showed that a variant associated with

non-drinking and lower alcohol consumption was associated

with an ischemic stroke (but not with the combined subtypes of

stroke), an association that disappeared when the analysis was

restricted to non-drinkers. Finally, in another study performed in

a Chinese population, the MR analysis showed a log-linear rather

than a U-shaped association with stroke, advocating against a

possible protective effect of light or moderate alcohol

consumption on stroke (95).

Finally, MR studies clearly confirmed the causal effect of

alcohol on the risk of increased blood pressure, hypertension,

and stroke. Beyond this, as most MR studies were unable

distinguish between levels of alcohol consumption, the negative

findings were difficult to confront with observational studies

claiming a protective effect of light or moderate alcohol

consumption. There is however an exception deriving from the

study from Millwood and colleagues (95) in Asian descents,

where the MR analysis showed a log-linear rather than the

U-shaped association found in the conventional epidemiology

analysis with stroke (in men only). Thus, demonstrating that MR

methodology can call into question the results from classical

observational methodology when applied to the same sample.

Several MR studies have challenged the previously suggested

protective effect of moderate alcohol consumption on

cardiovascular disease.

Traditional observational studies had shown a potential

association between moderate alcohol consumption and a

reduced risk of CVD, particularly CHD. However, these studies

were subject to confounding factors, such as lifestyle, diet,

socioeconomic status, and reverse causality, which may have

biased the results.

Several MR studies have found that the protective effects of

alcohol on heart health may be overstated or nonexistent. The

study of Holmes et al. (91) used genetic variants related to

alcohol metabolism (particularly the ADH1B gene) to examine
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the causal relationship between alcohol consumption and

cardiovascular health. The study found that individuals with

genetic variants that lead to lower alcohol consumption had a

reduced risk of coronary heart disease. This suggests that lower

alcohol intake, rather than moderate consumption, is beneficial

for heart health. The study did not support a protective effect of

moderate drinking on CVD risk. In the MR study of Millwood

et al. (95), alcohol consumption was associated with an increased

risk of stroke and other cardiovascular events, even at relatively

low levels. There was no protective effect observed, and the study

concluded that alcohol consumption increases the risk of CVD.

Larsson et al. (40) found no evidence of a protective effect of

moderate alcohol consumption on coronary artery disease. Instead,

the study pointed to harmful effects of alcohol on heart health.

These studies suggest that the supposed cardiovascular benefits

of moderate alcohol consumption may have been overstated in

earlier observational research, largely due to confounding variables.

Mendelian randomization, being less prone to confounding,

provides stronger evidence that alcohol consumption likely does

not confer a protective effect on CVD risk and may in fact be

harmful, even in moderate amounts.
4.3 Liver outcomes

Only a few MR studies have been published on liver outcomes

in relation to genetically predicted alcohol intake. Our review

highlighted a strong association between genetically predicted

alcohol consumption and alcoholic liver disease (ALD), with a

markedly increased risk consistently reported across studies.

Furthermore, significant positive associations were found between

alcohol consumption and cirrhosis, indicating that higher alcohol

intake significantly elevates the risk of developing these severe

liver conditions.

Regarding MASLD, the three studies showed mixed results.

Sookoian et al. (111) found that even moderate alcohol

consumption could be harmful in patients at high risk for

progressing to end-stage liver disease, with lower alcohol

consumption correlating with less severe histological features.

Despite the small sample size and the modest level of alcohol

consumption due to MASLD inclusion criteria, carriers of the

A-allele exhibited lower degrees of histological steatosis, lobular

inflammation, and MASLD-Activity Score compared to non-

carriers. While, Yuan et al. (112) reported a significant inverse

association between genetically predicted alcohol consumption

and the risk of MASLD. Nonetheless, the findings require further

validation due to moderate-to-high heterogeneity and potential

pleiotropy in the genetic instruments. Finally, another reported

no significant association with the risk of MASLD. These results

contradict those of previous observational studies indicating that,

compared to nondrinkers, people who drink moderate levels of

alcohol (≤30 g/day) not only have a lower prevalence of MASLD,

but also less severe disease from a histological standpoint (179).

Two MR studies investigated the impact of alcohol

consumption on liver function biomarkers. While non-significant

positive associations were observed with alanine aminotransferase
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(ALT) and gamma-glutamyl transferase (GGT) in one study,

significant positive associations were found with alkaline

phosphatase (ALP). These findings indicate potential liver

function impairment linked to alcohol consumption. Another

study also reported significant associations between alcohol

consumption and the incidence of liver disease, despite non-

significant results for ALT and GGT levels. These results are

consistent with observational studies indicating that even

moderate drinking can elevate γ-GT, ALT, and ferritin levels

compared to abstainers (180).

In summary, while the available MR studies provide some

insights into the link between alcohol consumption and liver

disease, the results are limited and varied. It is crucial to note

that no studies tested for non-linearity in these associations,

highlighting a significant gap in the current understanding that

needs to be addressed in future research.
4.4 Neurological outcomes

The association of alcohol consumption with cognitive

outcomes is controversial. Epidemiological studies have

repeatedly reported better brain health in moderate drinkers

compared with abstainers. Observational studies suggest that

heavy alcohol consumption leads to deterioration of cognitive

and executive function and is related to an increased risk of

dementia (37) and other neurodegenerative diseases (181),while

moderate alcohol intake may have a protective effect, leading to a

J-shaped or U-shaped relationship (182–184). Overall, concerns

about confounding and inconsistencies between epidemiological

studies make it difficult to define what level of intake may have

beneficial effects for cognition.

We reviewed MR studies with cognitive performance as an

outcome and found that the methodological quality was generally

low, with relatively small sample sizes. Although some studies

observed an association between alcohol consumption and better

cognitive performance, the five MR analyses did not confirm a

causal relationship between genetically predicted alcohol

consumption and cognitive performance. One study employed an

additional approach, conducting a gene × environment interaction

analysis (118). This study found that alcohol consumption

interacted with the genotype score reflecting ADH activity to

significantly predict cognitive ability around age 70. The authors

interpreted this finding to mean that individuals with high alcohol

processing efficiency experienced modest improvements in

intelligence with increased alcohol consumption later in life. In

contrast, individuals with lower alcohol processing efficiency

experienced a decline in cognitive ability with greater alcohol

consumption throughout their life. However, it should be noted

that this study had a number of limitations, including a limited

sample size, and the latter finding is not the result of an MR

analysis, falling somewhat outside the scope of our review. In any

case, these MR studies do not support the causal effect of alcohol

consumption suggested by observational findings that moderate

levels of alcohol consumption are associated with better cognitive

performance (183, 184).
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Four MR studies examined the association between genetically

predicted alcohol consumption and AD. In all studies, the

associations were generally non-significant, albeit mostly in the

negative direction. However, a significant association was

reported between average beer plus cider consumption and a

higher risk of AD (119). It should be noted, however, that

although these studies were of good methodological quality, they

seemed to use an overlapping set of subjects from the IGAP.

Here again, we find no support for a possible protective effect of

alcohol consumption on the risk of developing AD.

Five studies examined the association between genetically

predicted alcohol consumption and PD. Two studies reported a

protective effect of genetically predicted alcohol use on the risk

of developing PD. In one study, the protective effect was

observed only with alcohol intake frequency (not alcohol

amount) (119). Importantly, the other study demonstrated that

the protective effect of alcohol intake was unlikely to be due to

confounding by smoking behavior or the presence of survival

bias (126). Two studies reported no association of genetically

predicted alcohol use with the risk of developing PD, while one

study reported a positive association of genetically predicted

alcohol use with the risk of developing PD (124). It should be

noted that this latter study had notable methodological

shortcomings. Despite some discrepancies, this set of five MR

studies provides some support for a possible protective effect of

alcohol use on the risk of developing PD, as suggested by the

findings of a meta-analysis of case-control studies (185).

An MR analysis of the association between genetically

predicted alcohol consumption and ALS was performed in two

studies. One of these studies reported a positive association,

which remained significant after adjusting for smoking (127).

This latter finding suggests a causal detrimental effect of alcohol

consumption on the risk of developing ALS, contrasting with the

findings of a meta-analysis of five observational studies that

showed a potentially neuroprotective effect of alcohol (186). One

study reported a positive association of genetically predicted

higher alcohol intake frequency with a higher risk of MS,

contrasting with the report of a dose-dependent inverse

association of observed alcohol consumption with MS (187). In

one MR study (128), no significant association was found

between genetically predicted alcohol consumption and the age

of onset of Huntington’s Disease, a finding that does not help to

clarify the conclusions of a few observational studies, which

reported contrasting results (128).

The association between genetically predicted alcohol

consumption and the risk of epilepsy was analyzed in two MR

studies. Both studies reported a positive association, reaching

statistical significance in only one (129). These results suggest a

causal detrimental effect of alcohol on the risk of developing

epilepsy, providing clarity in an area with previously inconsistent

associations. While mild to moderate alcohol consumption may

decrease the risk of seizures, alcohol consumption is generally

thought to lower the seizure threshold, and alcohol withdrawal is

a recognized cause of seizures (188).

In summary, the findings from MR studies on alcohol

consumption and neurological outcomes provide mixed results.
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While some studies suggest potential protective effects of moderate

alcohol consumption on certain neurodegenerative diseases, others

highlight detrimental associations, particularly with higher intake

frequencies. The methodological limitations and inconsistencies

observed in these studies underscore the need for more robust and

large-scale research to clarify these associations. Overall, these MR

studies do not provide strong evidence to support the protective

effects of alcohol consumption suggested by some observational

studies, and they highlight the complex and multifaceted nature of

alcohol’s impact on brain health.
4.5 Strengths and limitations of the study

This systematic review has some limitations. First, the lack of

an existing formal quality assessment tool to assess the quality of

MR studies may limit the strength of our findings (189). To

minimize this limitation, we computed our validation protocol

for MR analyses based on the STROBE-MR (Strengthening The

Reporting of Observational studies in Epidemiology using

Mendelian Randomization) check list (190), which is inspired by

the original STROBE checklist and developed to assist

researchers in reporting their MR studies clearly and transparently.

Mendelian randomization studies also display some

methodological limits and, as other studies, may lack power. Some

genotypes used in MR studies may not be strong instruments due to

limited variation in alcohol intake that could be explained by theses

genotypes in a specific population. For instance, genotypes of ADH

(fast alcohol metabolizers) and ALDH (lower acetaldehyde clearance

rate) are associated with alcohol intake because higher acetaldehyde

levels lead to unpleasant symptoms, but peak levels of acetaldehyde

are also involved in the development of alcohol-related cancers (191,

192) and possibly CVD (193). Therefore, the level of alcohol

drinking cannot be studied independently of acetaldehyde.

Moreover, the available studies included in our systematic review are

often heterogeneous, including variations in genetic IVs used,

adjustments for confounding exposures, the study populations, and

the outcome measurements. However, we included a large number

of studies, with many two-sample MR design. These patterns of MR

confer a higher statistical power and use a large number of

independent IVs that come from the biggest GWAS of alcohol to

date (from the GSCAN consortium (61) which increases the

proportion of the variance of alcohol consumption explained by the

IVs. The majority of the MR studies found consistent results, which

provides an additional level of evidence for the role of alcohol

consumption in the occurrence of these diseases.

Unfortunately, genetic variants are often unable to clearly

distinguish between abstainers, light drinkers, and moderate

drinkers, making it difficult to distinguish between U or J-shaped

vs. linear relationships between exposure and outcome. As one of

the controversies regarding the impact of alcohol consumption

concerns the possible protective effect of light or moderate

alcohol consumption on health outcomes, particularly

cardiovascular outcomes, our systematic review does not allow us

to draw clear conclusions regarding the causal effect of moderate

alcohol consumption on these outcomes.
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To address these limitations, further research is needed to

develop formal quality assessment tools for MR studies and to

conduct more MR studies on diverse populations, including

those with non-European ancestries.
5 Conclusion

Our systematic review of MR studies sheds new light on the

complex relationship between alcohol consumption and various

health outcomes. The available studies did not confirm the

protective effect of alcohol on lung cancer suggested by

observational studies, while it showed a positive significant

association on multiple cancers like oral and oropharyngeal,

esophageal, colorectal cancers, hepatocellular carcinoma and

cutaneous melanoma. Furthermore, MR studies were able to

confirm the causal effect of alcohol on the risk of increased risk

of hypertension, stroke, atrial fibrillation and myocardial

infraction. Several MR studies have found that the protective

effects of alcohol on heart health may be overstated or

nonexistent. Our systematic review also found limited evidence

to support the protective effects of light to moderate alcohol

consumption on cognitive function, AD, and amyotrophic lateral

sclerosis, as previously reported in observational studies while it

showed a positive association with epilepsy and multiple

sclerosis. Finally, the available studies provided only limited

results on the link between alcohol consumption and liver

disease. However, a limitation of genetic instrument is their

inability to consistently distinguish between abstainers, light

drinkers, and moderate drinkers, which can complicate efforts to

differentiate between U or J-shaped vs. linear relationships

between exposure and outcomes.

Overall, our review suggests that MR studies can provide

valuable insights into the causal relationship between alcohol

consumption and various health outcomes, but further research

is needed to explore the potential U- or J-shaped relationships

between alcohol consumption and cancer.

As the evidence continues to evolve, it will be important to

consider the potential benefits and risks of alcohol consumption

in the context of individual and population health, and to inform

evidence-based policy and practice.
Data availability statement

All data used in this systematic review are derived from

previously published studies, which are available through the

cited literature.
Frontiers in Epidemiology 21
Author contributions

NB: Methodology, Resources, Writing – original draft, Writing

– review & editing, Data curation. CD: Methodology, Resources,

Supervision, Writing – original draft, Writing – review & editing,

Validation. HA: Data curation, Methodology, Resources,

Supervision, Validation, Writing – original draft, Writing –

review & editing. MN: Data curation, Methodology, Resources,

Supervision, Validation, Writing – original draft, Writing –

review & editing.
Funding

The author(s) declare financial support was received for

the research, authorship, and/or publication of this article.

N. Bouajila received financial support from the addiction

prevention fund related to psychoactive substances, specifically

within the framework of the “Civil Society Mobilization” call for

projects in 2020 and as part of the “AlcoolConsoScience” project,

“Enhancing knowledge and destigmatizing alcohol use through

science-based communication”.
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.
Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed

or endorsed by the publisher.
Supplementary material

The Supplementary Material for this article can be found

online at: https://www.frontiersin.org/articles/10.3389/fepid.2024.

1385064/full#supplementary-material
References
1. Manthey J, Shield KD, Rylett M, Hasan OSM, Probst C, Rehm J. Global alcohol
exposure between 1990 and 2017 and forecasts until 2030: a modelling study. Lancet.
(2019) 393:2493–502. doi: 10.1016/S0140-6736(18)32744-2
2. Shield KD, Parry C, Rehm J. Chronic diseases and conditions related to alcohol
use. Alcohol Res. (2013) 35:155–73. Available online at: http://www.ncbi.nlm.nih.gov/
pubmed/24881324
frontiersin.org

https://www.frontiersin.org/articles/10.3389/fepid.2024.1385064/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fepid.2024.1385064/full#supplementary-material
https://doi.org/10.1016/S0140-6736(18)32744-2
http://www.ncbi.nlm.nih.gov/pubmed/24881324
http://www.ncbi.nlm.nih.gov/pubmed/24881324
https://doi.org/10.3389/fepid.2024.1385064
https://www.frontiersin.org/journals/epidemiology
https://www.frontiersin.org/


Bouajila et al. 10.3389/fepid.2024.1385064
3. Wood AM, Kaptoge S, Butterworth AS, Willeit P, Warnakula S, Bolton T, et al.
Risk thresholds for alcohol consumption: combined analysis of individual-participant
data for 599,912 current drinkers in 83 prospective studies. Lancet. (2018)
391:1513–23. doi: 10.1016/S0140-6736(18)30134-X

4. Ferrari AJ, Santomauro DF, Aali A, Abate YH, Abbafati C, Abbastabar H, et al.
Global incidence, prevalence, years lived with disability (YLDs), disability-adjusted
life-years (DALYs), and healthy life expectancy (HALE) for 371 diseases and
injuries in 204 countries and territories and 811 subnational locations, 1990–2021: a
systematic analysis for the global burden of disease study 2021. Lancet. (2024)
403:2133–61. doi: 10.1016/S0140-6736(24)00757-8

5. Kalinowski A, Humphreys K. Governmental standard drink definitions and
low-risk alcohol consumption guidelines in 37 countries: international review
of drink definitions and guidelines. Addiction. (2016) 111:1293–8. doi: 10.1111/
add.13341

6. Griswold MG, Fullman N, Hawley C, Arian N, Zimsen SRM, Tymeson HD, et al.
Alcohol use and burden for 195 countries and territories, 1990–2016: a systematic
analysis for the global burden of disease study 2016. Lancet. (2018) 392:1015–35.
doi: 10.1016/S0140-6736(18)31310-2

7. van’t Veer P, Kampman E. Food, Nutrition, Physical Activity, and the Prevention
of Cancer: A Global Perspective. Washington, DC: World Cancer Research Fund/
American Institute for Cancer Research (2007).

8. Rumgay H, Shield K, Charvat H, Ferrari P, Sornpaisarn B, Obot I, et al. Global
burden of cancer in 2020 attributable to alcohol consumption: a population-based
study. Lancet Oncol. (2021) 22:1071–80. doi: 10.1016/S1470-2045(21)00279-5

9. Scoccianti C, Cecchini M, Anderson AS, Berrino F, Boutron-Ruault M-C, Espina
C, et al. European Code against cancer 4th edition: alcohol drinking and cancer.
Cancer Epidemiol. (2015) 39:S67–74. doi: 10.1016/j.canep.2015.01.007

10. Tian Y, Liu J, Zhao Y, Jiang N, Liu X, Zhao G, et al. Alcohol consumption and
all-cause and cause-specific mortality among US adults: prospective cohort study.
BMC Med. (2023) 21:208. doi: 10.1186/s12916-023-02907-6

11. Xi B, Veeranki SP, Zhao M, Ma C, Yan Y, Mi J. Relationship of alcohol
consumption to all-cause, cardiovascular, and cancer-related mortality in U.S.
Adults. J Am Coll Cardiol. (2017) 70:913–22. doi: 10.1016/j.jacc.2017.06.054

12. Visontay R, Sunderland M, Slade T, Wilson J, Mewton L. Are there non-linear
relationships between alcohol consumption and long-term health?: a systematic review
of observational studies employing approaches to improve causal inference. BMC Med
Res Methodol. (2022) 22:16. doi: 10.1186/s12874-021-01486-5

13. Chan GCK, Lim C, Sun T, Stjepanovic D, Connor J, Hall W, et al. Causal
inference with observational data in addiction research. Addiction. (2022)
117:2736–44. doi: 10.1111/add.15972

14. Gage SH, Munafò MR, Davey Smith G. Causal inference in developmental
origins of health and disease (DOHaD) research. Annu Rev Psychol. (2016)
67:567–85. doi: 10.1146/annurev-psych-122414-033352

15. IARC Working Group on the Evaluation of Carcinogenic Risks to Humans.
Personal habits and indoor combustions. In: A Review of Human Carcinogens.
Lyon, France: Agency for Research on Cancer (IARC) (2009).

16. Turati F, Galeone C, Rota M, Pelucchi C, Negri E, Bagnardi V, et al. Alcohol and
liver cancer: a systematic review and meta-analysis of prospective studies. Ann Oncol.
(2014) 25:1526–35. doi: 10.1093/annonc/mdu020

17. Akinyemiju T, Abera S, Ahmed M, Alam N, Alemayohu MA, Allen C, et al. The
burden of primary liver cancer and underlying etiologies from 1990 to 2015 at the
global, regional, and national level. JAMA Oncol. (2017) 3:1683. doi: 10.1001/
jamaoncol.2017.3055

18. Brenner DR, Fehringer G, Zhang Z-F, Lee Y-CA, Meyers T, Matsuo K, et al.
Alcohol consumption and lung cancer risk: a pooled analysis from the international
lung cancer consortium and the SYNERGY study. Cancer Epidemiol. (2019)
58:25–32. doi: 10.1016/j.canep.2018.10.006

19. Lee JE, Hunter DJ, Spiegelman D, Adami H-O, Albanes D, Bernstein L, et al.
Alcohol intake and renal cell cancer in a pooled analysis of 12 prospective studies.
J Natl Cancer Inst. (2007) 99:801–10. doi: 10.1093/jnci/djk181

20. Bagnardi V, Rota M, Botteri E, Tramacere I, Islami F, Fedirko V, et al. Alcohol
consumption and site-specific cancer risk: a comprehensive dose–response meta-
analysis. Br J Cancer. (2015) 112:580–93. doi: 10.1038/bjc.2014.579

21. Rehm J, Mathers C, Popova S, Thavorncharoensap M, Teerawattananon Y, Patra
J. Global burden of disease and injury and economic cost attributable to alcohol use
and alcohol-use disorders. Lancet. (2009) 373:2223–33. doi: 10.1016/S0140-6736(09)
60746-7

22. Klatsky AL, Armstrong MA, Friedman GD. Risk of cardiovascular mortality in
alcohol drinkers, ex-drinkers and nondrinkers. Am J Cardiol. (1990) 66:1237–42.
doi: 10.1016/0002-9149(90)91107-H

23. Larsson SC, Drca N, Wolk A. Alcohol consumption and risk of atrial fibrillation:
a prospective study and dose-response meta-analysis. J Am Coll Cardiol. (2014)
64:281–9. doi: 10.1016/j.jacc.2014.03.048

24. Larsson SC, Wallin A, Wolk A, Markus HS. Differing association of alcohol
consumption with different stroke types: a systematic review and meta-analysis.
BMC Med. (2016) 14:178. doi: 10.1186/s12916-016-0721-4
Frontiers in Epidemiology 22
25. Larsson SC, Wallin A, Wolk A. Contrasting association between alcohol
consumption and risk of myocardial infarction and heart failure: two prospective
cohorts. Int J Cardiol. (2017) 231:207–10. doi: 10.1016/j.ijcard.2016.12.149

26. Larsson SC, Wallin A, Wolk A. Alcohol consumption and risk of heart failure:
meta-analysis of 13 prospective studies. Clin Nutr. (2018) 37:1247–51. doi: 10.1016/j.
clnu.2017.05.007

27. Stockwell T, Greer A, Fillmore K, Chikritzhs T, Zeisser C. How good is the
science? Br Med J. (2012) 344:e2276. doi: 10.1136/bmj.e2276

28. Jackson R, Broad J, Connor J, Wells S. Alcohol and ischaemic heart disease:
probably no free lunch. Lancet. (2005) 366:1911–2. doi: 10.1016/S0140-6736(05)
67770-7

29. Zatoński WA, Sulkowska U, Mańczuk M, Rehm J, Boffetta P, Lowenfels AB,
et al. Liver cirrhosis mortality in Europe, with special attention to central and
Eastern Europe. Eur Addict Res. (2010) 16:193–201. doi: 10.1159/000317248

30. Singal AK, Mathurin P. Diagnosis and treatment of alcohol-associated liver
disease. JAMA. (2021) 326:165. doi: 10.1001/jama.2021.7683

31. Rinella ME, Lazarus JV, Ratziu V, Francque SM, Sanyal AJ, Kanwal F, et al. A
multisociety delphi consensus statement on new fatty liver disease nomenclature.
Hepatology. (2023) 78:1966–86. doi: 10.1097/HEP.0000000000000520

32. Bagnardi V, Rota M, Botteri E, Tramacere I, Islami F, Fedirko V, et al. Light
alcohol drinking and cancer: a meta-analysis. Ann Oncol. (2013) 24:301–8. doi: 10.
1093/annonc/mds337

33. Sookoian S, Castaño GO, Pirola CJ. Modest alcohol consumption decreases the
risk of non-alcoholic fatty liver disease: a meta-analysis of 43,175 individuals. Gut.
(2014) 63:530–2. doi: 10.1136/gutjnl-2013-305718

34. Choi JH, Sohn W, Cho YK. The effect of moderate alcohol drinking in
nonalcoholic fatty liver disease. Clin Mol Hepatol. (2020) 26:662–9. doi: 10.3350/
cmh.2020.0163

35. Andaloro S, Mancuso F, Miele L, Addolorato G, Gasbarrini A, Ponziani FR.
Effect of low-dose alcohol consumption on chronic liver disease. Nutrients. (2024)
16:613. doi: 10.3390/nu16050613

36. Oh H, Sohn W, Cho YK. The effects of moderate alcohol consumption on non-
alcoholic fatty liver disease. Clin Mol Hepatol. (2023) 29:S261–7. doi: 10.3350/cmh.
2022.0393

37. Schwarzinger M, Pollock BG, Hasan OSM, Dufouil C, Rehm J, Baillot S, et al.
Contribution of alcohol use disorders to the burden of dementia in France 2008–
13: a nationwide retrospective cohort study. Lancet Public Health. (2018) 3(3):
e124–132. doi: 10.1016/S2468-2667(18)30022-7

38. Jeon KH, Han K, Jeong S-M, Park J, Yoo JE, Yoo J, et al. Changes in alcohol
consumption and risk of dementia in a nationwide cohort in South Korea. JAMA
Netw Open. (2023) 6:e2254771. doi: 10.1001/jamanetworkopen.2022.54771

39. Rehm J, Hasan OSM, Black SE, Shield KD, Schwarzinger M. Alcohol use and
dementia: a systematic scoping review. Alzheimer’s Res Ther. (2019) 11:1. doi: 10.
1186/s13195-018-0453-0

40. Larsson SC, Burgess S, Mason AM, Michaëlsson K. Alcohol consumption and
cardiovascular disease. Circ Genom Precis Med. (2020) 13(3):e002814. doi: 10.1161/
CIRCGEN.119.002814

41. Emberson JR, Bennett DA. Effect of alcohol on risk of coronary heart disease
and stroke: causality, bias, or a bit of both? Vasc Health Risk Manag. (2006)
2:239–49. doi: 10.2147/vhrm.2006.2.3.239

42. Kuźma E, Hannon E, Zhou A, Lourida I, Bethel A, Levine DA, et al. Which risk
factors causally influence dementia? A systematic review of Mendelian randomization
studies. J Alzheimers Dis. (2018) 64:181–93. doi: 10.3233/JAD-180013

43. Burgess S, Davey Smith G, Davies NM, Dudbridge F, Gill D, Glymour MM, et al.
Guidelines for performing Mendelian randomization investigations. Wellcome Open
Res. (2020) 4:186. doi: 10.12688/wellcomeopenres.15555.2

44. Yeung SL A, Jiang C, Cheng KK, Liu B, Zhang W, Lam TH, et al. Is aldehyde
dehydrogenase 2 a credible genetic instrument for alcohol use in Mendelian
randomization analysis in southern Chinese men? Int J Epidemiol. (2013)
42:318–28. doi: 10.1093/ije/dys221

45. Lawlor DA, Harbord RM, Sterne JAC, Timpson N, Davey Smith G. Mendelian
randomization: using genes as instruments for making causal inferences in
epidemiology. Stat Med. (2008) 27:1133–63. doi: 10.1002/sim.3034

46. Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD,
et al. The PRISMA 2020 statement: an updated guideline for reporting systematic
reviews. Br Med J. (2021) 372:n71. doi: 10.1136/bmj.n71

47. Sohani ZN, Sarma S, Alyass A, de Souza RJ, Robiou-du-Pont S, Li A, et al.
Empirical evaluation of the Q-genie tool: a protocol for assessment of effectiveness.
BMJ Open. (2016) 6:e010403. doi: 10.1136/bmjopen-2015-010403

48. Sohani ZN, Meyre D, de Souza RJ, Joseph PG, Gandhi M, Dennis BB, et al.
Assessing the quality of published genetic association studies in meta-analyses: the
quality of genetic studies (Q-genie) tool. BMC Genet. (2015) 16:50. doi: 10.1186/
s12863-015-0211-2

49. Staiger D, Stock JH. Instrumental variables regression with weak instruments.
Econometrica. (1997) 65:557. doi: 10.2307/2171753
frontiersin.org

https://doi.org/10.1016/S0140-6736(18)30134-X
https://doi.org/10.1016/S0140-6736(24)00757-8
https://doi.org/10.1111/add.�13341
https://doi.org/10.1111/add.�13341
https://doi.org/10.1016/S0140-6736(18)31310-2
https://doi.org/10.1016/S1470-2045(21)00279-5
https://doi.org/10.1016/j.canep.2015.01.007
https://doi.org/10.1186/s12916-023-02907-6
https://doi.org/10.1016/j.jacc.2017.06.054
https://doi.org/10.1186/s12874-021-01486-5
https://doi.org/10.1111/add.15972
https://doi.org/10.1146/annurev-psych-122414-033352
https://doi.org/10.1093/annonc/mdu020
https://doi.org/10.1001/jamaoncol.2017.3055
https://doi.org/10.1001/jamaoncol.2017.3055
https://doi.org/10.1016/j.canep.2018.10.006
https://doi.org/10.1093/jnci/djk181
https://doi.org/10.1038/bjc.2014.579
https://doi.org/10.1016/S0140-6736(09)60746-7
https://doi.org/10.1016/S0140-6736(09)60746-7
https://doi.org/10.1016/0002-9149(90)91107-H
https://doi.org/10.1016/j.jacc.2014.03.048
https://doi.org/10.1186/s12916-016-0721-4
https://doi.org/10.1016/j.ijcard.2016.12.149
https://doi.org/10.1016/j.clnu.2017.05.007
https://doi.org/10.1016/j.clnu.2017.05.007
https://doi.org/10.1136/bmj.e2276
https://doi.org/10.1016/S0140-6736(05)67770-7
https://doi.org/10.1016/S0140-6736(05)67770-7
https://doi.org/10.1159/000317248
https://doi.org/10.1001/jama.2021.7683
https://doi.org/10.1097/HEP.0000000000000520
https://doi.org/10.1093/annonc/mds337
https://doi.org/10.1093/annonc/mds337
https://doi.org/10.1136/gutjnl-2013-305718
https://doi.org/10.3350/cmh.2020.0163
https://doi.org/10.3350/cmh.2020.0163
https://doi.org/10.3390/nu16050613
https://doi.org/10.3350/cmh.2022.0393
https://doi.org/10.3350/cmh.2022.0393
https://doi.org/10.1016/S2468-2667(18)30022-7
https://doi.org/10.1001/jamanetworkopen.2022.54771
https://doi.org/10.1186/s13195-018-0453-0
https://doi.org/10.1186/s13195-018-0453-0
https://doi.org/10.1161/CIRCGEN.119.002814
https://doi.org/10.1161/CIRCGEN.119.002814
https://doi.org/10.2147/vhrm.2006.2.3.239
https://doi.org/10.3233/JAD-180013
https://doi.org/10.12688/wellcomeopenres.15555.2
https://doi.org/10.1093/ije/dys221
https://doi.org/10.1002/sim.3034
https://doi.org/10.1136/bmj.n71
https://doi.org/10.1136/bmjopen-2015-010403
https://doi.org/10.1186/s12863-015-0211-2
https://doi.org/10.1186/s12863-015-0211-2
https://doi.org/10.2307/2171753
https://doi.org/10.3389/fepid.2024.1385064
https://www.frontiersin.org/journals/epidemiology
https://www.frontiersin.org/


Bouajila et al. 10.3389/fepid.2024.1385064
50. Burgess S, Thompson SG. CRP CHD genetics collaboration. Avoiding bias from
weak instruments in Mendelian randomization studies. Int J Epidemiol. (2011)
40:755–64. doi: 10.1093/ije/dyr036

51. Davies NM, Holmes MV, Davey Smith G. Reading Mendelian randomisation
studies: a guide, glossary, and checklist for clinicians. Br Med J. (2018) 362:k601.
doi: 10.1136/bmj.k601

52. Labrecque J, Swanson SA. Understanding the assumptions underlying
instrumental variable analyses: a brief review of falsification strategies and related
tools. Curr Epidemiol Rep. (2018) 5:214–20. doi: 10.1007/s40471-018-0152-1

53. Burgess S, Butterworth A, Thompson SG. Mendelian randomization analysis
with multiple genetic variants using summarized data. Genet Epidemiol. (2013)
37:658–65. doi: 10.1002/gepi.21758

54. Bowden J, Davey Smith G, Haycock PC, Burgess S. Consistent estimation in
Mendelian randomization with some invalid instruments using a weighted median
estimator. Genet Epidemiol. (2016) 40:304–14. doi: 10.1002/gepi.21965

55. Hartwig FP, Davey Smith G, Bowden J. Robust inference in summary data
Mendelian randomization via the zero modal pleiotropy assumption. Int
J Epidemiol. (2017) 46:1985–98. doi: 10.1093/ije/dyx102

56. Verbanck M, Chen C-Y, Neale B, Do R. Detection of widespread horizontal
pleiotropy in causal relationships inferred from Mendelian randomization between
complex traits and diseases. Nat Genet. (2018) 50:693–8. doi: 10.1038/s41588-018-
0099-7

57. Bowden J, Davey Smith G, Burgess S. Mendelian randomization with invalid
instruments: effect estimation and bias detection through egger regression. Int
J Epidemiol. (2015) 44:512–25. doi: 10.1093/ije/dyv080

58. Minelli C, Del Greco MF, Van Der Plaat DA, Bowden J, Sheehan NA,
Thompson J. The use of two-sample methods for Mendelian randomization
analyses on single large datasets. Int J Epidemiol. (2021) 50:1651–9. doi: 10.1093/ije/
dyab084

59. Silverwood RJ, Holmes MV, Dale CE, Lawlor DA, Whittaker JC, Smith GD, et al.
Testing for non-linear causal effects using a binary genotype in a Mendelian
randomization study: application to alcohol and cardiovascular traits. Int
J Epidemiol. (2014) 43:1781–90. doi: 10.1093/ije/dyu187

60. Larsson SC, Carter P, Kar S, Vithayathil M, Mason AM, Michaëlsson K, et al.
Smoking, alcohol consumption, and cancer: a Mendelian randomisation study in
UK biobank and international genetic consortia participants. PLoS Med. (2020) 17:
e1003178. doi: 10.1371/journal.pmed.1003178

61. Liu M, Jiang Y, Wedow R, Li Y, Brazel DM, Chen F, et al. Association studies of
up to 1.2 million individuals yield new insights into the genetic etiology of tobacco and
alcohol use. Nat Genet. (2019) 51:237–44. doi: 10.1038/s41588-018-0307-5

62. Ong J, Derks EM, Eriksson M, An J, Hwang L, Easton DF, et al. Evaluating the
role of alcohol consumption in breast and ovarian cancer susceptibility using
population-based cohort studies and two-sample Mendelian randomization
analyses. Int J Cancer. (2021) 148:1338–50. doi: 10.1002/ijc.33308

63. Zhu J, Jiang X, Niu Z. Alcohol consumption and risk of breast and ovarian
cancer: a Mendelian randomization study. Cancer Genet. (2020) 245:35–41. doi: 10.
1016/j.cancergen.2020.06.001

64. Liu S, Feng S, Du F, Zhang K, Shen Y. Association of smoking, alcohol, and
coffee consumption with the risk of ovarian cancer and prognosis: a Mendelian
randomization study. BMC Cancer. (2023) 23:256. doi: 10.1186/s12885-023-10737-1

65. Chen F, Wen W, Long J, Shu X, Yang Y, Shu X, et al. Mendelian Randomization
analyses of 23 known and suspected risk factors and biomarkers for breast cancer
overall and by molecular subtypes. Int J Cancer. (2022) 151:372–80. doi: 10.1002/ijc.
34026

66. Zhou X, Yu L, Wang L, Xiao J, Sun J, Zhou Y, et al. Alcohol consumption, blood
DNA methylation and breast cancer: a Mendelian randomisation study. Eur
J Epidemiol. (2022) 37:701–12. doi: 10.1007/s10654-022-00886-1

67. Yang J, Qu X, Zheng A, Jiang F, Chang H, Zhang J, et al. The causal effects of
genetically predicted alcohol consumption on endometrial cancer risk from a
Mendelian randomization study. Sci Rep. (2024) 14:3478. doi: 10.1038/s41598-024-
53926-z

68. Brunner C, Davies NM, Martin RM, Eeles R, Easton D, Kote-Jarai Z, et al.
Alcohol consumption and prostate cancer incidence and progression: a Mendelian
randomisation study. Int J Cancer. (2017) 140:75–85. doi: 10.1002/ijc.30436

69. Gormley M, Dudding T, Sanderson E, Martin RM, Thomas S, Tyrrell J, et al. A
multivariable Mendelian randomization analysis investigating smoking and alcohol
consumption in oral and oropharyngeal cancer. Nat Commun. (2020) 11:6071.
doi: 10.1038/s41467-020-19822-6

70. Wang X, Bi Y, Liu G, Wang W, Cui H. Smoking and alcohol consumption with
the risk of 11 common otolaryngological diseases: a bidirectional Mendelian
randomization. Eur Arch Otorhinolaryngol. (2023) 280:5615–23. doi: 10.1007/
s00405-023-08246-9

71. Im PK, Wright N, Yang L, Chan KH, Chen Y, Guo Y, et al. Alcohol
consumption and risks of more than 200 diseases in Chinese men. Nat Med. (2023)
29:1476–86. doi: 10.1038/s41591-023-02383-8
Frontiers in Epidemiology 23
72. Chen C, Hu Q, Wang J, Wen T, Zhu C, Tan W, et al. Habitual consumption of
alcohol with meals and lung cancer: a Mendelian randomization study. Ann Transl
Med. (2021) 9:263. doi: 10.21037/atm-20-3063

73. Ding J, Tu Z, Chen H, Liu Z. Identifying modifiable risk factors of lung cancer:
indications from Mendelian randomization. PLoS One. (2021) 16:e0258498. doi: 10.
1371/journal.pone.0258498

74. Yuan S, Chen J, Ruan X, Sun Y, Zhang K, Wang X, et al. Smoking, alcohol
consumption, and 24 gastrointestinal diseases: Mendelian randomization analysis.
eLife. (2023) 12:e84051. doi: 10.7554/eLife.84051

75. Zou M, Liang Q, Zhang W, Zhu Y, Xu Y. Causal association between dietary
factors and esophageal diseases: a Mendelian randomization study. PLoS One.
(2023) 18:e0292113. doi: 10.1371/journal.pone.0292113

76. Cai X, Li X, Liang C, Zhang M, Dong Z, Yu W. The effect of metabolism-related
lifestyle and clinical risk factors on digestive system cancers in east Asian populations:
a two-sample Mendelian randomization analysis. Sci Rep. (2024) 14:9474. doi: 10.
1038/s41598-024-60122-6

77. Zhang B, Peng Y, Luo Y, Hong C, Lin Y, Zhang Y, et al. Relationship between
esophageal squamous cell carcinoma risk and alcohol-related ALDH2 and ADH1B
polymorphisms: evidence from a meta-analysis and Mendelian randomization
analysis. Cancer Med. (2023) 12:20437–49. doi: 10.1002/cam4.6610

78. Tan Y, Wei Z, Liu K, Qin Y, Hui W. Lifestyle habits and gastric cancer in an east
Asian population: a Mendelian randomization study. Front Oncol. (2023) 13:1224753.
doi: 10.3389/fonc.2023.1224753

79. Zhou X, Wang L, Xiao J, Sun J, Yu L, Zhang H, et al. Alcohol consumption,
DNA methylation and colorectal cancer risk: results from pooled cohort studies and
Mendelian randomization analysis. Int J Cancer. (2022) 151:83–94. doi: 10.1002/ijc.
33945

80. He M, Huan L, Wang X, Fan Y, Huang J. Nine dietary habits and risk of
colorectal cancer: a Mendelian randomization study. BMC Med Genomics. (2024)
17:21. doi: 10.1186/s12920-023-01782-7

81. Li Y, Ye D, Zhou W, Liu B, Mao Y, Sun X. Alcohol consumption and colorectal
cancer risk: a Mendelian randomization study. Front Genet. (2022) 13:967229. doi: 10.
3389/fgene.2022.967229

82. Deng Y, Huang J, Wong MCS. Associations between six dietary habits and risk
of hepatocellular carcinoma: a Mendelian randomization study. Hepatol Commun.
(2022) 6:2147–54. doi: 10.1002/hep4.1960

83. Liu Z, Song C, Suo C, Fan H, Zhang T, Jin L, et al. Alcohol consumption and
hepatocellular carcinoma: novel insights from a prospective cohort study and
nonlinear Mendelian randomization analysis. BMC Med. (2022) 20:413. doi: 10.
1186/s12916-022-02622-8

84. Zhang H, Liu J. Lifestyle factors, glycemic traits, and lipoprotein traits and risk of
liver cancer: a Mendelian randomization analysis. Sci Rep. (2024) 14:8502. doi: 10.
1038/s41598-024-59211-3

85. Xiong J, Yang L, Deng Y, Yan S, Gu J, Li B, et al. The causal association between
smoking, alcohol consumption and risk of bladder cancer: a univariable and
multivariable Mendelian randomization study. Int J Cancer. (2022) 151:2136–43.
doi: 10.1002/ijc.34228

86. Xu J, Liu W, Liu X, Zhou X, Li G. Alcohol drinking, smoking, and cutaneous
melanoma risk: mendelian randomization analysis. Gaceta Sanitaria. (2023)
37:102351. doi: 10.1016/j.gaceta.2023.102351

87. Au Yeung SL, Jiang C, Cheng KK, Cowling BJ, Liu B, Zhang W, et al. Moderate
alcohol use and cardiovascular disease from Mendelian randomization. PLoS One.
(2013) 8:e68054. doi: 10.1371/journal.pone.0068054

88. Christensen AI, Nordestgaard BG, Tolstrup JS. Alcohol intake and risk of
ischemic and haemorrhagic stroke: results from a Mendelian randomisation study.
J Stroke. (2018) 20:218–27. doi: 10.5853/jos.2017.01466

89. Jia Y, Wang R, Guo D, Sun L, Shi M, Zhang K, et al. Contribution of metabolic
risk factors and lifestyle behaviors to cardiovascular disease: a Mendelian
randomization study. Nutr Metab Cardiovasc Dis. (2022) 32:1972–81. doi: 10.1016/j.
numecd.2022.04.019

90. Harshfield EL, Georgakis MK, Malik R, Dichgans M, Markus HS. Modifiable
lifestyle factors and risk of stroke: a Mendelian randomization analysis. Stroke.
(2021) 52:931–6. doi: 10.1161/STROKEAHA.120.031710

91. Holmes MV, Dale CE, Zuccolo L, Silverwood RJ, Guo Y, Ye Z, et al. Association
between alcohol and cardiovascular disease: Mendelian randomisation analysis based
on individual participant data. Br Med J. (2014) 349:g4164. doi: 10.1136/bmj.g4164

92. Biddinger KJ, Emdin CA, Haas ME, Wang M, Hindy G, Ellinor PT, et al.
Association of habitual alcohol intake with risk of cardiovascular disease. JAMA
Netw Open. (2022) 5:e223849. doi: 10.1001/jamanetworkopen.2022.3849

93. Lankester J, Zanetti D, Ingelsson E, Assimes TL. Alcohol use and
cardiometabolic risk in the UK biobank: a Mendelian randomization study. PLoS
One. (2021) 16:e0255801. doi: 10.1371/journal.pone.0255801

94. Hu C, Huang C, Li J, Liu F, Huang K, Liu Z, et al. Causal associations of alcohol
consumption with cardiovascular diseases and all-cause mortality among Chinese
males. Am J Clin Nutr. (2022) 116:771–9. doi: 10.1093/ajcn/nqac159
frontiersin.org

https://doi.org/10.1093/ije/dyr036
https://doi.org/10.1136/bmj.k601
https://doi.org/10.1007/s40471-018-0152-1
https://doi.org/10.1002/gepi.21758
https://doi.org/10.1002/gepi.21965
https://doi.org/10.1093/ije/dyx102
https://doi.org/10.1038/s41588-018-0099-7
https://doi.org/10.1038/s41588-018-0099-7
https://doi.org/10.1093/ije/dyv080
https://doi.org/10.1093/ije/dyab084
https://doi.org/10.1093/ije/dyab084
https://doi.org/10.1093/ije/dyu187
https://doi.org/10.1371/journal.pmed.1003178
https://doi.org/10.1038/s41588-018-0307-5
https://doi.org/10.1002/ijc.33308
https://doi.org/10.1016/j.cancergen.2020.06.001
https://doi.org/10.1016/j.cancergen.2020.06.001
https://doi.org/10.1186/s12885-023-10737-1
https://doi.org/10.1002/ijc.34026
https://doi.org/10.1002/ijc.34026
https://doi.org/10.1007/s10654-022-00886-1
https://doi.org/10.1038/s41598-024-53926-z
https://doi.org/10.1038/s41598-024-53926-z
https://doi.org/10.1002/ijc.30436
https://doi.org/10.1038/s41467-020-19822-6
https://doi.org/10.1007/s00405-023-08246-9
https://doi.org/10.1007/s00405-023-08246-9
https://doi.org/10.1038/s41591-023-02383-8
https://doi.org/10.21037/atm-20-3063
https://doi.org/10.1371/journal.pone.0258498
https://doi.org/10.1371/journal.pone.0258498
https://doi.org/10.7554/eLife.84051
https://doi.org/10.1371/journal.pone.0292113
https://doi.org/10.1038/s41598-024-60122-6
https://doi.org/10.1038/s41598-024-60122-6
https://doi.org/10.1002/cam4.6610
https://doi.org/10.3389/fonc.2023.1224753
https://doi.org/10.1002/ijc.33945
https://doi.org/10.1002/ijc.33945
https://doi.org/10.1186/s12920-023-01782-7
https://doi.org/10.3389/fgene.2022.967229
https://doi.org/10.3389/fgene.2022.967229
https://doi.org/10.1002/hep4.1960
https://doi.org/10.1186/s12916-022-02622-8
https://doi.org/10.1186/s12916-022-02622-8
https://doi.org/10.1038/s41598-024-59211-3
https://doi.org/10.1038/s41598-024-59211-3
https://doi.org/10.1002/ijc.34228
https://doi.org/10.1016/j.gaceta.2023.102351
https://doi.org/10.1371/journal.pone.0068054
https://doi.org/10.5853/jos.2017.01466
https://doi.org/10.1016/j.numecd.2022.04.019
https://doi.org/10.1016/j.numecd.2022.04.019
https://doi.org/10.1161/STROKEAHA.120.031710
https://doi.org/10.1136/bmj.g4164
https://doi.org/10.1001/jamanetworkopen.2022.3849
https://doi.org/10.1371/journal.pone.0255801
https://doi.org/10.1093/ajcn/nqac159
https://doi.org/10.3389/fepid.2024.1385064
https://www.frontiersin.org/journals/epidemiology
https://www.frontiersin.org/


Bouajila et al. 10.3389/fepid.2024.1385064
95. Millwood IY, Walters RG, Mei XW, Guo Y, Yang L, Bian Z, et al. Conventional
and genetic evidence on alcohol and vascular disease aetiology: a prospective study of
500 000 men and women in China. Lancet. (2019) 393(10183):1831–42. doi: 10.1016/
S0140-6736(18)31772-0

96. Hisamatsu T, Tabara Y, Kadota A, Torii S, Kondo K, Yano Y, et al. Alcohol
consumption and cerebral small- and large-vessel diseases: a Mendelian
randomization analysis. J Atheroscler Thromb. (2024) 31:135–47. doi: 10.5551/jat.
64222

97. Tian D, Zhang L, Zhuang Z, Huang T, Fan D. A two-sample Mendelian
randomization analysis of modifiable risk factors and intracranial aneurysms. Sci
Rep. (2022) 12:7659. doi: 10.1038/s41598-022-11720-9

98. Larsson SC, Chen J, Gill D, Burgess S, Yuan S. Risk factors for intracerebral
hemorrhage: genome-wide association study and Mendelian randomization
analyses. Stroke. (2024) 55:1582–91. doi: 10.1161/STROKEAHA.124.046249

99. Woo D, Falcone GJ, Devan WJ, Brown WM, Biffi A, Howard TD, et al. Meta-
analysis of genome-wide association studies identifies 1q22 as a susceptibility locus for
intracerebral hemorrhage. Am J Hum Genet. (2014) 94:511–21. doi: 10.1016/j.ajhg.
2014.02.012

100. van Oort S, Beulens JWJ, van Ballegooijen AJ, Grobbee DE, Larsson SC.
Association of cardiovascular risk factors and lifestyle behaviors with hypertension.
Hypertension. (2020) 76:1971–9. doi: 10.1161/HYPERTENSIONAHA.120.15761

101. Zhao P-P, Xu L-W, Sun T, Wu Y-Y, Zhu X-W, Zhang B, et al. Relationship
between alcohol use, blood pressure and hypertension: an association study and a
Mendelian randomisation study. J Epidemiol Community Health. (2019)
73:796–801. doi: 10.1136/jech-2018-211185

102. Cho Y, Shin S-Y, Won S, Relton CL, Davey Smith G, Shin M-J. Alcohol intake
and cardiovascular risk factors: a Mendelian randomisation study. Sci Rep. (2015)
5:18422. doi: 10.1038/srep18422

103. Yang F, Xu F, Zhang H, Gill D, Larsson SC, Li X, et al. Proteomic insights into
the associations between obesity, lifestyle factors, and coronary artery disease. BMC
Med. (2023) 21:485. doi: 10.1186/s12916-023-03197-8

104. Rosoff DB, Davey Smith G, Mehta N, Clarke T-K, Lohoff FW. Evaluating the
relationship between alcohol consumption, tobacco use, and cardiovascular disease: a
multivariable Mendelian randomization study. PLoS Med. (2020) 17:e1003410. doi: 10.
1371/journal.pmed.1003410

105. van Oort S, Beulens JWJ, van Ballegooijen AJ, Handoko ML, Larsson SC.
Modifiable lifestyle factors and heart failure: a Mendelian randomization study. Am
Heart J. (2020) 227:64–73. doi: 10.1016/j.ahj.2020.06.007

106. Georgiou A, Georgiopoulos G, Delialis D, Maneta E, Masci PG, Neophytou O,
et al. Causal relationship between average alcohol consumption and risk of atrial
fibrillation: a Mendelian randomization study. Circ Genom Precis Med. (2023)
16:406–8. doi: 10.1161/CIRCGEN.122.003766

107. Jiang Q, Wang K, Shi J, Li M, Chen M. No association between alcohol
consumption and risk of atrial fibrillation: a two-sample Mendelian randomization
study. Nutr Metab Cardiovasc Dis. (2020) 30:1389–96. doi: 10.1016/j.numecd.2020.
04.014

108. Lu Y, Guo Y, Lin H, Wang Z, Zheng L. Genetically determined tobacco and
alcohol use and risk of atrial fibrillation. BMC Med Genomics. (2021) 14:73. doi: 10.
1186/s12920-021-00915-0

109. Yang J-H, Jeong J-A, Kweon S-S, Lee Y-H, Choi S-W, Ryu S-Y, et al. Causal
association between alcohol consumption and atrial fibrillation: a Mendelian
randomization study. Korean Circ J. (2022) 52:220. doi: 10.4070/kcj.2021.0269

110. Sookoian S, Flichman D, Castaño GO, Pirola CJ. Mendelian randomization
suggests no beneficial effect of moderate alcohol consumption on the severity of
nonalcoholic fatty liver disease. Aliment Pharmacol Ther. (2016) 44:1224–34.
doi: 10.1111/apt.13828

111. Yuan S, Chen J, Li X, Fan R, Arsenault B, Gill D, et al. Lifestyle and metabolic
factors for nonalcoholic fatty liver disease: Mendelian randomization study. Eur
J Epidemiol. (2022) 37:723–33. doi: 10.1007/s10654-022-00868-3

112. Lawlor DA, Benn M, Zuccolo L, De Silva NMG, Tybjaerg-Hansen A, Smith
GD, et al. ADH1B And ADH1C genotype, alcohol consumption and biomarkers of
liver function: findings from a Mendelian randomization study in 58,313 European
origin Danes. PLoS One. (2014) 9:e114294. doi: 10.1371/journal.pone.0114294

113. Carter AR, Borges M-C, Benn M, Tybjærg-Hansen A, Davey Smith G,
Nordestgaard BG, et al. Combined association of body mass index and alcohol
consumption with biomarkers for liver injury and incidence of liver disease: a
Mendelian randomization study. JAMA Netw Open. (2019) 2:e190305. doi: 10.1001/
jamanetworkopen.2019.0305

114. Almeida OP, Hankey GJ, Yeap BB, Golledge J, Flicker L. Alcohol consumption
and cognitive impairment in older men: a Mendelian randomization study. Neurology.
(2014) 82:1038–44. doi: 10.1212/WNL.0000000000000255

115. Kumari M, Holmes MV, Dale CE, Hubacek JA, Palmer TM, Pikhart H, et al.
Alcohol consumption and cognitive performance: a Mendelian randomization
study. Addiction. (2014) 109:1462–71. doi: 10.1111/add.12568

116. Au Yeung SL, Jiang CQ, Cheng KK, Liu B, Zhang WS, Lam TH, et al.
Evaluation of moderate alcohol use and cognitive function among men using a
Frontiers in Epidemiology 24
Mendelian randomization design in the Guangzhou biobank cohort study. Am
J Epidemiol. (2012) 175:1021–8. doi: 10.1093/aje/kwr462

117. Mahedy L, Suddell S, Skirrow C, Fernandes GS, Field M, Heron J, et al. Alcohol
use and cognitive functioning in young adults: improving causal inference. Addiction.
(2021) 116:292–302. doi: 10.1111/add.15100

118. Ritchie SJ, Bates TC, Corley J, McNeill G, Davies G, Liewald DC, et al. Alcohol
consumption and lifetime change in cognitive ability: a gene×environment interaction
study. Age (Omaha). (2014) 36:9638. doi: 10.1007/s11357-014-9638-z

119. Li D, Zhou L, Cao Z, Wang J, Yang H, Lyu M, et al. Associations of
environmental factors with neurodegeneration: an exposome-wide Mendelian
randomization investigation. Ageing Res Rev. (2024) 95:102254. doi: 10.1016/j.arr.
2024.102254

120. Meng Q, Chen C, Zhu M, Huang Y. Dietary factors and Alzheimer’s disease
risk: a Mendelian randomization study. Eur J Med Res. (2024) 29:261. doi: 10.1186/
s40001-024-01821-8

121. Larsson SC, Traylor M, Malik R, Dichgans M, Burgess S, Markus HS.
Modifiable pathways in Alzheimer’s disease: mendelian randomisation analysis. Br
Med J. (2017) 359:j5375. doi: 10.1136/bmj.j5375

122. Andrews SJ, Goate A, Anstey KJ. Association between alcohol consumption
and Alzheimer’s disease: a Mendelian randomization study. Alzheimers Demen.
(2020) 16:345–53. doi: 10.1016/j.jalz.2019.09.086

123. Grover S, Lill CM, Kasten M, Klein C, Del Greco MF, König IR. Risky behaviors
and Parkinson disease: a Mendelian randomization study. Neurology. (2019) 93(15).
doi: 10.1212/WNL.0000000000008245

124. Heilbron K, Jensen MP, Bandres-Ciga S, Fontanillas P, Blauwendraat C, Nalls
MA, et al. Unhealthy behaviours and risk of Parkinson’s disease: a Mendelian
randomisation study. J Parkinsons Dis. (2021) 11:1981–93. doi: 10.3233/JPD-202487

125. Domenighetti C, Sugier P-E, Sreelatha AAK, Schulte C, Grover S, Mohamed O,
et al. Mendelian randomization study of smoking, alcohol, and coffee drinking in
relation to Parkinson’s disease. J Parkinsons Dis. (2022) 12:267–82. doi: 10.3233/
JPD-212851

126. Domínguez-Baleón C, Ong J-S, Scherzer CR, Rentería ME, Dong X.
Understanding the effect of smoking and drinking behavior on Parkinson’s disease
risk: a Mendelian randomization study. Sci Rep. (2021) 11:13980. doi: 10.1038/
s41598-021-93105-y

127. Yu X, Wang T, Chen Y, Shen Z, Gao Y, Xiao L, et al. Alcohol drinking and
amyotrophic lateral sclerosis: an instrumental variable causal inference. Ann Neurol.
(2020) 88:195–8. doi: 10.1002/ana.25721

128. Wang M, Liu D, Yang S, Li Y, Lian X. Smoking, alcohol consumption, and age
at onset of huntington’s disease: a Mendelian randomization study. Parkinsonism
Relat Disord. (2022) 97:34–8. doi: 10.1016/j.parkreldis.2022.02.013

129. Zhang Z, Wang M, Yuan S, Liu X. Alcohol, coffee, and milk intake in relation
to epilepsy risk. Nutrients. (2022) 14:1153. doi: 10.3390/nu14061153

130. Yuan S, Tomson T, Larsson SC. Modifiable risk factors for epilepsy: a two-
sample Mendelian randomization study. Brain Behav. (2021) 11:e02098. doi: 10.
1002/brb3.2098

131. Wallach JD, Serghiou S, Chu L, Egilman AC, Vasiliou V, Ross JS, et al.
Evaluation of confounding in epidemiologic studies assessing alcohol consumption
on the risk of ischemic heart disease. BMC Med Res Methodol. (2020) 20:64.
doi: 10.1186/s12874-020-0914-6

132. Jung S, Wang M, Anderson K, Baglietto L, Bergkvist L, Bernstein L, et al.
Alcohol consumption and breast cancer risk by estrogen receptor status: in a
pooled analysis of 20 studies. Int J Epidemiol. (2016) 45:916–28. doi: 10.1093/ije/
dyv156

133. Seitz HK, Pelucchi C, Bagnardi V, Vecchia CL. Epidemiology and
pathophysiology of alcohol and breast cancer: update 2012. Alcohol Alcohol. (2012)
47:204–12. doi: 10.1093/alcalc/ags011

134. Yan-Hong H, Jing L, Hong L, Shan-Shan H, Yan L, Ju L. Association between
alcohol consumption and the risk of ovarian cancer: a meta-analysis of prospective
observational studies. BMC Public Health. (2015) 15:223. doi: 10.1186/s12889-015-
1355-8

135. Kelemen LE, Bandera EV, Terry KL, Rossing MA, Brinton LA, Doherty JA,
et al. Recent alcohol consumption and risk of incident ovarian carcinoma: a pooled
analysis of 5,342 cases and 10,358 controls from the ovarian cancer association
consortium. BMC Cancer. (2013) 13:28. doi: 10.1186/1471-2407-13-28

136. Arcangeli A, Noci I, Fortunato A, Scarselli GF. The LH/hCG axis in
endometrial cancer: a new target in the treatment of recurrent or metastatic disease.
Obstet Gynecol Int. (2010) 2010:1–5. doi: 10.1155/2010/486164

137. Shibel R, Sarfstein R, Nagaraj K, Lapkina-Gendler L, Laron Z, Dixit M, et al.
The olfactory receptor gene product, OR5H2, modulates endometrial cancer cells
proliferation via interaction with the IGF1 signaling pathway. Cells. (2021) 10:1483.
doi: 10.3390/cells10061483

138. Setiawan VW, Monroe KR, Goodman MT, Kolonel LN, Pike MC, Henderson
BE. Alcohol consumption and endometrial cancer risk: the multiethnic cohort. Int
J Cancer. (2008) 122:634–8. doi: 10.1002/ijc.23072
frontiersin.org

https://doi.org/10.1016/S0140-6736(18)31772-0
https://doi.org/10.1016/S0140-6736(18)31772-0
https://doi.org/10.5551/jat.64222
https://doi.org/10.5551/jat.64222
https://doi.org/10.1038/s41598-022-11720-9
https://doi.org/10.1161/STROKEAHA.124.046249
https://doi.org/10.1016/j.ajhg.2014.02.012
https://doi.org/10.1016/j.ajhg.2014.02.012
https://doi.org/10.1161/HYPERTENSIONAHA.120.15761
https://doi.org/10.1136/jech-2018-211185
https://doi.org/10.1038/srep18422
https://doi.org/10.1186/s12916-023-03197-8
https://doi.org/10.1371/journal.pmed.1003410
https://doi.org/10.1371/journal.pmed.1003410
https://doi.org/10.1016/j.ahj.2020.06.007
https://doi.org/10.1161/CIRCGEN.122.003766
https://doi.org/10.1016/j.numecd.2020.04.014
https://doi.org/10.1016/j.numecd.2020.04.014
https://doi.org/10.1186/s12920-021-00915-0
https://doi.org/10.1186/s12920-021-00915-0
https://doi.org/10.4070/kcj.2021.0269
https://doi.org/10.1111/apt.13828
https://doi.org/10.1007/s10654-022-00868-3
https://doi.org/10.1371/journal.pone.0114294
https://doi.org/10.1001/jamanetworkopen.2019.0305
https://doi.org/10.1001/jamanetworkopen.2019.0305
https://doi.org/10.1212/WNL.0000000000000255
https://doi.org/10.1111/add.12568
https://doi.org/10.1093/aje/kwr462
https://doi.org/10.1111/add.15100
https://doi.org/10.1007/s11357-014-9638-z
https://doi.org/10.1016/j.arr.2024.102254
https://doi.org/10.1016/j.arr.2024.102254
https://doi.org/10.1186/s40001-024-01821-8
https://doi.org/10.1186/s40001-024-01821-8
https://doi.org/10.1136/bmj.j5375
https://doi.org/10.1016/j.jalz.2019.09.086
https://doi.org/10.1212/WNL.0000000000008245
https://doi.org/10.3233/JPD-202487
https://doi.org/10.3233/JPD-212851
https://doi.org/10.3233/JPD-212851
https://doi.org/10.1038/s41598-021-93105-y
https://doi.org/10.1038/s41598-021-93105-y
https://doi.org/10.1002/ana.25721
https://doi.org/10.1016/j.parkreldis.2022.02.013
https://doi.org/10.3390/nu14061153
https://doi.org/10.1002/brb3.2098
https://doi.org/10.1002/brb3.2098
https://doi.org/10.1186/s12874-020-0914-6
https://doi.org/10.1093/ije/dyv156
https://doi.org/10.1093/ije/dyv156
https://doi.org/10.1093/alcalc/ags011
https://doi.org/10.1186/s12889-015-1355-8
https://doi.org/10.1186/s12889-015-1355-8
https://doi.org/10.1186/1471-2407-13-28
https://doi.org/10.1155/2010/486164
https://doi.org/10.3390/cells10061483
https://doi.org/10.1002/ijc.23072
https://doi.org/10.3389/fepid.2024.1385064
https://www.frontiersin.org/journals/epidemiology
https://www.frontiersin.org/


Bouajila et al. 10.3389/fepid.2024.1385064
139. Je Y, DeVivo I, Giovannucci E. Long-term alcohol intake and risk of
endometrial cancer in the Nurses’ health study, 1980–2010. Br J Cancer. (2014)
111:186–94. doi: 10.1038/bjc.2014.257

140. Macke AJ, Petrosyan A. Alcohol and prostate cancer: time to draw conclusions.
Biomolecules. (2022) 12:375. doi: 10.3390/biom12030375

141. Dennis LK, Hayes RB. Diet: alcohol and prostate cancer. Epidemiol Rev. (2001)
23:110–4. doi: 10.1093/oxfordjournals.epirev.a000775

142. Rota M, Scotti L, Turati F, Tramacere I, Islami F, Bellocco R, et al. Alcohol
consumption and prostate cancer risk: a meta-analysis of the dose–risk relation. Eur
J Cancer Prev. (2012) 21:350–9. doi: 10.1097/CEJ.0b013e32834dbc11

143. Maasland DH, Van Den Brandt PA, Kremer B, Goldbohm RA, Schouten LJ.
Alcohol consumption, cigarette smoking and the risk of subtypes of head-neck
cancer: results from The Netherlands cohort study. BMC Cancer. (2014) 14:187.
doi: 10.1186/1471-2407-14-187

144. Marziliano A, Teckie S, Diefenbach MA. Alcohol-related head and neck cancer:
summary of the literature. Head Neck. (2020) 42:732–8. doi: 10.1002/hed.26023

145. Hashibe M, Brennan P, Benhamou S, Castellsague X, Chen C, Curado MP,
et al. Alcohol drinking in never users of tobacco, cigarette smoking in never
drinkers, and the risk of head and neck cancer: pooled analysis in the international
head and neck cancer epidemiology consortium. J Natl Cancer Inst. (2007)
99:777–89. doi: 10.1093/jnci/djk179

146. Huang C-C, Hsiao J-R, Lee W-T, Lee Y-C, Ou C-Y, Chang C-C, et al.
Investigating the association between alcohol and risk of head and neck cancer in
Taiwan. Sci Rep. (2017) 7:9701. doi: 10.1038/s41598-017-08802-4

147. Ferraguti G, Terracina S, Petrella C, Greco A, Minni A, Lucarelli M, et al.
Alcohol and head and neck cancer: updates on the role of oxidative stress, genetic,
epigenetics, oral Microbiota, antioxidants, and alkylating agents. Antioxidants.
(2022) 11:145. doi: 10.3390/antiox11010145

148. Yokoyama A, Tsutsumi E, Imazeki H, Suwa Y, Nakamura C, Yokoyama T.
Contribution of the alcohol dehydrogenase-1B genotype and oral microorganisms
to high salivary acetaldehyde concentrations in Japanese alcoholic men. Int
J Cancer. (2007) 121:1047–54. doi: 10.1002/ijc.22792

149. Álvarez-Avellón SM, Fernández-Somoano A, Navarrete-Muñoz EM, Vioque J,
Tardón A. Efecto del alcohol y sus metabolitos en el cáncer de pulmón: estudio
CAPUA. Med Clín. (2017) 148:531–8. doi: 10.1016/j.medcli.2016.12.033

150. García-Lavandeira JA, Ruano-Ravina A, Barros-Dios JM. Alcohol consumption
and lung cancer risk in never smokers. Gac Sanit. (2016) 30:311–7. doi: 10.1016/j.
gaceta.2016.03.017

151. Yu X, Chen J, Jiang W, Zhang D. Alcohol, alcoholic beverages and risk of
esophageal cancer by histological type: a dose–response meta-analysis of
observational studies. Alcohol Alcohol. (2020) 55:457–67. doi: 10.1093/alcalc/agaa047

152. Jun S, Park H, Kim U-J, Choi EJ, Lee HA, Park B, et al. Cancer risk based on
alcohol consumption levels: a comprehensive systematic review and meta-analysis.
Epidemiol Health. (2023) 45:e2023092. doi: 10.4178/epih.e2023092

153. Deng W, Jin L, Zhuo H, Vasiliou V, Zhang Y. Alcohol consumption and risk of
stomach cancer: a meta-analysis. Chem Biol Interact. (2021) 336:109365. doi: 10.1016/
j.cbi.2021.109365

154. Samarakoon YM, Gunawardena NS, Pathirana A. Behavioral, familial and
comorbid illness risk factors of colorectal cancer: a case control study. Ceylon Med
J. (2018) 63:139. doi: 10.4038/cmj.v63i3.8725

155. Li Y, Yang H, Cao J. Association between alcohol consumption and cancers in
the Chinese population—a systematic review and meta-analysis. PLoS One. (2011) 6:
e18776. doi: 10.1371/journal.pone.0018776

156. He F, Sha Y, Wang B. Relationship between alcohol consumption and the risks
of liver cancer, esophageal cancer, and gastric cancer in China: meta-analysis based on
case–control studies. Medicine (Baltimore). (2021) 100:e26982. doi: 10.1097/MD.
0000000000026982

157. Seitz HK, Stickel F. Molecular mechanisms of alcohol-mediated carcinogenesis.
Nat Rev Cancer. (2007) 7:599–612. doi: 10.1038/nrc2191

158. Wang Y-T, Gou Y-W, Jin W-W, Xiao M, Fang H-Y. Association between
alcohol intake and the risk of pancreatic cancer: a dose–response meta-analysis of
cohort studies. BMC Cancer. (2016) 16:212. doi: 10.1186/s12885-016-2241-1

159. Lucenteforte E, La Vecchia C, Silverman D, Petersen GM, Bracci PM, Ji BT,
et al. Alcohol consumption and pancreatic cancer: a pooled analysis in the
international pancreatic cancer case–control consortium (PanC4). Ann Oncol.
(2012) 23:374–82. doi: 10.1093/annonc/mdr120

160. Duell EJ. Epidemiology and potential mechanisms of tobacco smoking and
heavy alcohol consumption in pancreatic cancer. Mol Carcinog. (2012) 51:40–52.
doi: 10.1002/mc.20786

161. Mao Q, Lin Y, Zheng X, Qin J, Yang K, Xie L. A meta-analysis of alcohol intake
and risk of bladder cancer. Cancer Causes Control. (2010) 21:1843–50. doi: 10.1007/
s10552-010-9611-9

162. Pelucchi C, Galeone C, Tramacere I, Bagnardi V, Negri E, Islami F, et al.
Alcohol drinking and bladder cancer risk: a meta-analysis. Ann Oncol. (2012)
23:1586–93. doi: 10.1093/annonc/mdr460
Frontiers in Epidemiology 25
163. Lao Y, Li X, He L, Guan X, Li R, Wang Y, et al. Association between alcohol
consumption and risk of bladder cancer: a dose-response meta-analysis of prospective
cohort studies. Front Oncol. (2021) 11:696676. doi: 10.3389/fonc.2021.696676

164. Gandini S, Masala G, Palli D, Cavicchi B, Saieva C, Ermini I, et al. Alcohol,
alcoholic beverages, and melanoma risk: a systematic literature review and dose–
response meta-analysis. Eur J Nutr. (2018) 57:2323–32. doi: 10.1007/s00394-018-1613-5

165. Zhai Z, Yamauchi T, Shangraw S, Hou V, Matsumoto A, Fujita M. Ethanol
metabolism andmelanoma. Cancers (Basel). (2023) 15:1258. doi: 10.3390/cancers15041258

166. Meadows GG, Elstad CA, Blank SE, Gallucci RM, Pfister LJ. Alcohol
consumption suppresses metastasis of B16-BL6 melanoma in mice. Clin Exp Metast.
(1993) 11:191–9. doi: 10.1007/BF00114977

167. Hong S-H, Myung S-K, Kim HS, Korean Meta-Analysis (KORMA) Study
Group. Alcohol intake and risk of thyroid cancer: a meta-analysis of observational
studies. Cancer Res Treat. (2017) 49:534–47. doi: 10.4143/crt.2016.161

168. Moerman CJ, Bueno De Mesquita HB, Runia S. Smoking, alcohol consumption
and the risk of cancer of the biliary tract; a population-based case-control study in The
Netherlands. Eur J Cancer Prev. (1994) 3:427–36. doi: 10.1097/00008469-199409000-
00007

169. Roerecke M. Alcohol’s impact on the cardiovascular system. Nutrients. (2021)
13:3419. doi: 10.3390/nu13103419

170. Corrao G, Rubbiati L, Bagnardi V, Zambon A, Poikolainen K. Alcohol and
coronary heart disease: a meta-analysis. Addiction. (2000) 95:1505–23. doi: 10.1046/
j.1360-0443.2000.951015056.x

171. Ronksley PE, Brien SE, Turner BJ, Mukamal KJ, Ghali WA. Association of
alcohol consumption with selected cardiovascular disease outcomes: a systematic
review and meta-analysis. Br Med J. (2011) 342:d671. doi: 10.1136/bmj.d671

172. Schutte R, Smith L, Wannamethee G. Alcohol—the myth of cardiovascular
protection. Clin Nutr. (2022) 41:348–55. doi: 10.1016/j.clnu.2021.12.009

173. Larsson SC, Orsini N, Wolk A. Alcohol consumption and risk of heart failure: a
dose-response meta-analysis of prospective studies: alcohol consumption and heart
failure. Eur J Heart Fail. (2015) 17:367–73. doi: 10.1002/ejhf.228

174. LawlorDA,NordestgaardBG,BennM,ZuccoloL, Tybjaerg-HansenA,Davey Smith
G. Exploring causal associations between alcohol and coronary heart disease risk factors:
findings from a Mendelian randomization study in the Copenhagen general population
study. Eur Heart J. (2013) 34:2519–28. doi: 10.1093/eurheartj/eht081

175. Taylor AE, Lu F, Carslake D, Hu Z, Qian Y, Liu S, et al. Exploring causal
associations of alcohol with cardiovascular and metabolic risk factors in a Chinese
population using Mendelian randomization analysis. Sci Rep. (2015) 5:14005.
doi: 10.1038/srep14005

176. Roerecke M, Tobe SW, Kaczorowski J, Bacon SL, Vafaei A, Hasan OSM, et al.
Sex-specific associations between alcohol consumption and incidence of hypertension:
a systematic review and meta-analysis of cohort studies. JAHA. (2018) 7(13):e008202.
doi: 10.1161/JAHA.117.008202

177. Briasoulis A, Agarwal V, Messerli FH. Alcohol consumption and the risk of
hypertension in men and women: a systematic review and meta-analysis: alcohol
and hypertension. J Clin Hypertens. (2012) 14:792–8. doi: 10.1111/jch.12008

178. Voskoboinik A, Prabhu S, Ling L, Kalman JM, Kistler PM. Alcohol and atrial
fibrillation. J Am Coll Cardiol. (2016) 68:2567–76. doi: 10.1016/j.jacc.2016.08.074

179. Åberg F, Puukka P, Salomaa V, Männistö S, Lundqvist A, Valsta L, et al. Risks
of light and moderate alcohol use in fatty liver disease: follow-up of population
cohorts. Hepatology. (2020) 71:835–48. doi: 10.1002/hep.30864

180. Alatalo P, Koivisto H, Puukka K, Hietala J, Anttila P, Bloigu R, et al.
Biomarkers of liver status in heavy drinkers, moderate drinkers and abstainers.
Alcohol Alcohol. (2009) 44:199–203. doi: 10.1093/alcalc/agn099

181. Peng B, Yang Q, Joshi RB, Liu Y, Akbar M, Song B-J, et al. Role of alcohol
drinking in Alzheimer’s disease, Parkinson’s disease, and amyotrophic lateral
sclerosis. Int J Mol Sci. (2020) 21:2316. doi: 10.3390/ijms21072316

182. Xu W, Wang H, Wan Y, Tan C, Li J, Tan L, et al. Alcohol consumption and
dementia risk: a dose–response meta-analysis of prospective studies. Eur
J Epidemiol. (2017) 32:31–42. doi: 10.1007/s10654-017-0225-3

183. Stampfer MJ, Kang JH, Chen J, Cherry R, Grodstein F. Effects of moderate
alcohol consumption on cognitive function in women. N Engl J Med. (2005)
352:245–53. doi: 10.1056/NEJMoa041152

184. Ruitenberg A, van Swieten JC, Witteman JC, Mehta KM, van Duijn CM,
Hofman A, et al. Alcohol consumption and risk of dementia: the Rotterdam study.
Lancet. (2002) 359:281–6. doi: 10.1016/S0140-6736(02)07493-7

185. Jiménez-Jiménez FJ, Alonso-Navarro H, García-Martín E, Agúndez JAG.
Alcohol consumption and risk for Parkinson’s disease: a systematic review and
meta-analysis. J Neurol. (2019) 266:1821–34. doi: 10.1007/s00415-018-9032-3

186. E M, Yu S, Dou J, Jin W, Cai X, Mao Y, et al. Association between alcohol
consumption and amyotrophic lateral sclerosis: a meta-analysis of five observational
studies. Neurol Sci. (2016) 37:1203–8. doi: 10.1007/s10072-016-2575-0

187. Hedström AK, Hillert J, Olsson T, Alfredsson L. Alcohol as a modifiable
lifestyle factor affecting multiple sclerosis risk. JAMA Neurol. (2014) 71:300–5.
doi: 10.1001/jamaneurol.2013.5858
frontiersin.org

https://doi.org/10.1038/bjc.2014.257
https://doi.org/10.3390/biom12030375
https://doi.org/10.1093/oxfordjournals.epirev.a000775
https://doi.org/10.1097/CEJ.0b013e32834dbc11
https://doi.org/10.1186/1471-2407-14-187
https://doi.org/10.1002/hed.26023
https://doi.org/10.1093/jnci/djk179
https://doi.org/10.1038/s41598-017-08802-4
https://doi.org/10.3390/antiox11010145
https://doi.org/10.1002/ijc.22792
https://doi.org/10.1016/j.medcli.2016.12.033
https://doi.org/10.1016/j.gaceta.2016.03.017
https://doi.org/10.1016/j.gaceta.2016.03.017
https://doi.org/10.1093/alcalc/agaa047
https://doi.org/10.4178/epih.e2023092
https://doi.org/10.1016/j.cbi.2021.109365
https://doi.org/10.1016/j.cbi.2021.109365
https://doi.org/10.4038/cmj.v63i3.8725
https://doi.org/10.1371/journal.pone.0018776
https://doi.org/10.1097/MD.0000000000026982
https://doi.org/10.1097/MD.0000000000026982
https://doi.org/10.1038/nrc2191
https://doi.org/10.1186/s12885-016-2241-1
https://doi.org/10.1093/annonc/mdr120
https://doi.org/10.1002/mc.20786
https://doi.org/10.1007/s10552-010-9611-9
https://doi.org/10.1007/s10552-010-9611-9
https://doi.org/10.1093/annonc/mdr460
https://doi.org/10.3389/fonc.2021.696676
https://doi.org/10.1007/s00394-018-1613-5
https://doi.org/10.3390/cancers15041258
https://doi.org/10.1007/BF00114977
https://doi.org/10.4143/crt.2016.161
https://doi.org/10.1097/00008469-199409000-00007
https://doi.org/10.1097/00008469-199409000-00007
https://doi.org/10.3390/nu13103419
https://doi.org/10.1046/j.1360-0443.2000.951015056.x
https://doi.org/10.1046/j.1360-0443.2000.951015056.x
https://doi.org/10.1136/bmj.d671
https://doi.org/10.1016/j.clnu.2021.12.009
https://doi.org/10.1002/ejhf.228
https://doi.org/10.1093/eurheartj/eht081
https://doi.org/10.1038/srep14005
https://doi.org/10.1161/JAHA.117.008202
https://doi.org/10.1111/jch.12008
https://doi.org/10.1016/j.jacc.2016.08.074
https://doi.org/10.1002/hep.30864
https://doi.org/10.1093/alcalc/agn099
https://doi.org/10.3390/ijms21072316
https://doi.org/10.1007/s10654-017-0225-3
https://doi.org/10.1056/NEJMoa041152
https://doi.org/10.1016/S0140-6736(02)07493-7
https://doi.org/10.1007/s00415-018-9032-3
https://doi.org/10.1007/s10072-016-2575-0
https://doi.org/10.1001/jamaneurol.2013.5858
https://doi.org/10.3389/fepid.2024.1385064
https://www.frontiersin.org/journals/epidemiology
https://www.frontiersin.org/


Bouajila et al. 10.3389/fepid.2024.1385064
188. Dworetzky BA, Bromfield EB, Townsend MK, Kang JH. A prospective study of
smoking, caffeine, and alcohol as risk factors for seizures or epilepsy in young adult
women: data from the nurses’ health study II. Epilepsia. (2010) 51:198–205. doi: 10.
1111/j.1528-1167.2009.02268.x

189. Grover S, Del Greco MF, König IR. Evaluating the current state of Mendelian
randomization studies: a protocol for a systematic review on methodological and
clinical aspects using neurodegenerative disorders as outcome. Syst Rev. (2018)
7(1):145. doi: 10.1186/s13643-018-0809-3

190. Strobe-MR-Checklist. Available online at: https://www.strobe-mr.org/ (accessed
May 14, 2024).
Frontiers in Epidemiology 26
191. Lewis SJ, Davey Smith G. Alcohol, ALDH2, and esophageal cancer: a meta-analysis
which illustrates the potentials and limitations of a Mendelian randomization approach.
Cancer Epidemiol Biomarkers Prev. (2005) 14:1967–71. doi: 10.1158/1055-9965.EPI-05-0196

192. Choi CK, Kweon S-S, Cho S-H, Kim H-Y, Shin M-H. Association between
ALDH2 polymorphism and gastric cancer risk in a Korean population. J Korean
Med Sci. (2020) 35:e148. doi: 10.3346/jkms.2020.35.e148

193. Yun JH, Yoo M-G, Park JY, Lee H-J, Park SI. Association between KCNJ11 rs5219
variant and alcohol consumption on the effect of insulin secretion in a community-based
Korean cohort: a 12-year follow-up study. Sci Rep. (2021) 11:4729. doi: 10.1038/s41598-
021-84179-9
frontiersin.org

https://doi.org/10.1111/j.1528-1167.2009.02268.x
https://doi.org/10.1111/j.1528-1167.2009.02268.x
https://doi.org/10.1186/s13643-018-0809-3
https://www.strobe-mr.org/
https://doi.org/10.1158/1055-9965.EPI-05-0196
https://doi.org/10.3346/jkms.2020.35.e148
https://doi.org/10.1038/s41598-021-84179-9
https://doi.org/10.1038/s41598-021-84179-9
https://doi.org/10.3389/fepid.2024.1385064
https://www.frontiersin.org/journals/epidemiology
https://www.frontiersin.org/

	Alcohol consumption and its association with cancer, cardiovascular, liver and brain diseases: a systematic review of Mendelian randomization studies
	Introduction
	Material and methods
	Eligibility criteria
	Population
	Exposure
	Comparators
	Outcomes
	Study design
	Language
	Publication date
	Publication type
	Ethics

	Information sources
	Search strategy
	Selection process
	Data collection process
	Items
	Study risk of bias assessment
	Data synthesis

	Results
	Flowchart of studies involved in the MR review
	Methodological quality assessment
	Synthesis of the results of the studies
	Cancer outcomes


	All cancers
	Breast, ovarian and endometrial cancers
	Prostate cancer
	Oral and oropharyngeal cancers
	Lung cancer
	Esophageal cancer
	Gastric cancer
	Colorectal cancer
	Liver cancers
	Pancreatic cancer
	Bladder cancer
	Cutaneous melanoma
	Thyroid cancer
	Biliary tract cancer
	Outline placeholder
	Cardiovascular outcomes
	Liver outcomes
	Neurological outcomes


	Discussion
	Cancers
	Cardiovascular outcomes
	Liver outcomes
	Neurological outcomes
	Strengths and limitations of the study

	Conclusion
	Data availability statement
	Author contributions
	Funding
	Conflict of interest
	Publisher's note
	Supplementary material
	References


